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SUPPLEMENTAL GEOTECHNICAL INVESTIGATION 
ALLEN PARK CLAY MINE 

HAZARDOUS WASTE DISPOSAL CELL 
ALLEN PARK, MICHIGAN 

This report presents the results of a supplemental geotechnical 

investigation and slope stability analysis performed for the 

proposed Hazardous Waste Disposal Cell at the Allen Park Clay 

Mine in Allen Park, Michigan. The purpose of this supplemental 

investigation was to develop additional geotechnical data and to 

refine the previously performed slope stability analysis. The 

results of our investigation and subsequent analyses, together 

with our conclusions are documented herein. Authorization to 

perform this investigation was given through acceptance of our 

proposal dated October 18, 1988. 

Previous Investigation 

As part of the original preparation of the Construction Permit 

application for the Allen Park Clay Mine for Hazardous Cell II, 

NTH was retained by Ford to perform a geotechnical investigation. 

This previous investigation was performed in 1985 and consisted 

of the drilling of two soil borings, designated TB-1 and TB-2, 

and the installation of a pneumatic piezometer. The test borings 

were drilled from the prevailing ground surface at the northwest 

and southwest corners of the cell. During the drilling 

operations, a series of undisturbed samples as well as in-place 

soil strength tests (vane shear) were performed. Laboratory 
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testing of selected soil samples was also performed during this 

original investigation. The results of that investigation were 

presented in a report prepared by NTH entitled "Liner Engineering 

Report", dated March, 1988 and revised June 24, 1988. 

Based on the results of the in-place soil strength testing and 

the laboratory soil testing performed for this original 

investigation, a generalized soil strength profile was developed 

and a short-term (or undrained) slope stability analysis was 

performed. Results of this slope stability analysis were 

included in the Liner Engineering Report. 

Copies of the Logs of Test Boring for TB-1 and TB-2 as well as 

the associated laboratory and field test results developed during 

this previous investigation are included within this report in 

Appendix B. 

Project Drawings 

The Project Drawings entitled Allen Park Clay Mine Landfill­

Hazardous Waste Disposal Site Cell II prepared by Midwest 

Consulting, Inc. (MCI) were reviewed as part of our work for the 

supplemental geotechnical investigation. These drawings include 

cross-sections through the proposed cell showing the existing 

ground surface as well as the final cell configuration. 
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Based on our review of the MCI drawings, the cell floor elevation 

is presently approximately Elevation 563. The final bottom 

elevation is planned to be Elevation 567. The existing side 

slopes are at approximately 2 horizontal: 1 vertical (2:1). The 

proposed side slopes will be constructed at 4:1 slopes for 

approximately the lowest 12 feet of the cell, and 2:1 slopes 

above that. The existing top of slope elevation is 

approximately Elevation 594. In the final condition after 

completion of construction, the top of the berm shown on the MCI 

drawings will range from approximately Elevation 603 to 605. 

MCI drawings show fill material in the solid waste management 

cells located immediately west and east of Cell II. It was 

reported by Ford personnel that these materials consist of slag 

sand and fly ash and industrial wastes from the Rouge Steel 

plant. 

Field Investigation 

During the period from January 13 through January 20, 1989 three 

test borings, designated TB-3 through TB-5, were drilled at the 

locations shown on the Test Boring Location Plan, Plate 1 in 

Appendix A. As shown on Plate 1, test borings TB-3 and TB-4 were 

drilled from the prevailing ground surface at the northeast and 

southeast corners of the cell, and test boring TB-5 was drilled 

from inside the cell in the northeast corner of the cell. The 
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locations of the test borings were chosen by Ford Motor Company 

in accordance with the scope of work outlined in the proposal for 

this investigation which was submitted to and verbally approved 

by the MDNR. 

Test borings TB-3 and TB-4 were each drilled to a depth of 

approximately 90 feet below the ground surface, corresponding to 

approximately Elevation 505, and test boring TB-5 was drilled to 

a depth of approximately 58 feet below the ground surface of the 

cell, also corresponding to approximately Elevation 505. Boring 

locations and surface elevations were determined by Wayne 

Disposal Incorporated, (WDI). The coordinates and ground surface 

elevations at the test boring locations are presented on the Logs 

of Test Borings. 

The test borings were drilled by American Drilling Company under 

the full-time supervision of a geotechnical engineer with our 

firm. The test borings were drilled with a truck-mounted rotary 

drilling rig utilizing 4-inch outside-diameter solid stem augers 

to a depth of 8. 5 feet. Casing was then installed in the 

borehole and the boring continued utilizing wash rotary 

techniques. 

Soil conditions encountered in the test borings have been 

evaluated and are presented in the form of Logs of Test Boring, 

Figures 1 through 3 in Appendix A. In addition, the boring logs 
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present information relating to sample data, standard penetration 

test results, water conditions observed in the borings, personnel 

involved and other pertinent data. For information and to aid in 

understanding the data as presented on the boring logs, General 

Notes defining nomenclature used in soil descriptions are 

presented in Plate 2. It should be noted that the logs included 

with this report have been prepared on the basis of laboratory 

classification and testing as well as field logs of the soils 

encountered. 

For the supplemental study, soil samples were generally obtained 

at intervals of 5 feet. In general, the sampling procedure 

consisted of alternating piston samples with in-place strength 

tests (i.e. vane shear tests). However, a few soil samples were 

taken by the Standard Penetration Test (SPT) Method (ASTM D-

1856), whereby a 2. 0-inch outside-diameter split-barrel sampler 

is driven into the soil with a 140-pound weight falling freely 

through a distance of 30 inches. The sampler is generally driven 

three successive 6-inch increments, with the number of blows for 

each increment being recorded. The number of blows required to 

advance the sampler the last 12 inches is termed the Standard 

Penetration Resistance (N) and is presented graphically on the 

individual Logs of Test Boring for the samples where standard 

Penetration Tests were performed. As added information, the blow 

counts for each 6-inch increment are also included on the logs 

where appropriate. 
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The primary purpose of the supplemental investigation, however, 

was to obtain detailed strength data of the subsoils at the site. 

For this reason, it was necessary to obtain undisturbed samples 

of the native soil using a hydraulically activated piston tube 

sampler. The procedure involves pushing a 3-inch outside­

diameter thin-walled Shelby tube into the underlying soil and 

then withdrawing it with the enclosed cylinder of soil. After 

sampling, the ends of the Shelby tubes were cleaned and sealed 

with wax. Soil samples obtained in this manner are designated 

"PS" on the logs. 

Vane shear tests were also performed in the soft subsoils at 

regular intervals. These tests were generally performed at 

alternate intervals to the piston samples. These tests were 

performed in accordance with the procedure outlined in ASTM D-

2573. 

The tests were performed by pushing a tapered vane into the soil 

a distance of 18-inches below the base of the bore hole. Torque 

was then applied to the vane until the surrounding soil was 

sheared. This torque was then measured and converted to a soil 

shear strength in accordance with ASTM Standards. This shear 

strength is included in the Vane Shear Reports, Figure Nos. 4 

through 20 in Appendix A. The location of the individual vane 

shear test intervals at each test boring location have also been 
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included on the respective test boring logs. It should also be 

noted that the vane shear strengths have been adjusted in 

accordance with the procedure outlined in an article entitled 

"Embankments on Soft Ground", by Laurits Bjerrum as presented in 

the ASCE Conference on Performance of Earth and Earth Supported 

structures, Volume II, June, 1972. 

Laboratory Testing 

Laboratory testing for this project consisted of the 

determination of the natural moisture content, in-place dry 

density, Atterberg limits and unconfined compressive strength of 

selected samples. The results of these laboratory tests are 

presented on the Tabulation of Test Data Sheets, Figure Nos. 21 

and 22 in Appendix A. The natural moisture content and in-place 

dry density data shown in Figures 21 and 22 are also presented on 

the respective Logs of Test Boring. 

Consolidated undrained (CU) triaxial tests with pore water 

pressure measurements were also performed on selected piston 

samples. These tests were performed in order to develop 

estimates of both the short and long term strength parameters of 

the soft clays present at this site. Each sample was initially 

consolidated to the in-situ overburden pressure, and was then 

subjected to an applied vertical load. Sample deformation and 

pore pressure measurements were recorded during the testing. The 
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results of these tests were then evaluated, and used to develop 

both total and effective stress parameters for the subsoils at 

the site. The results of the triaxial testing have been 

summarized and are presented on Figure 23 in Appendix A. 

Additionally, two consolidation tests were performed to confirm 

the compressibility characteristics used to estimate settlement 

of the cell in the initial geotechnical analysis. The results of 

the consolidation tests are presented on Figure Nos. 24 and 25 in 

Appendix A, entitled Settlement versus Stress. 

Subsoil Conditions 

On the basis of the information developed during both the 

previous and current investigations, it appears that subsoil 

conditions throughout this site are reasonably uniform. At the 

present time, a fill deposit consisting of either brown to dark 

brown silty clay or medium compact brown to black silty sand and 

slag is present in test borings TB-1 through TB-4 to depths 

ranging from approximately 8 to 13.6 feet (Elevations 582 to 

592). The stratigraphic sequence of the natural soil underlying 

the fill consists of a relatively thin layer of stiff lacustrine 

silty clay underlain by four glacial clay deposits. These clay 

deposits, in order of occurrence, consist of two medium gray 

silty clay formations, a stiff gray silty clay deposit and a hard 

gray silt clay to clayey silt locally termed hardpan. Underlying 
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the hardpan material, the native bedrock formation is 

encountered. These layers appear to be generally quite flat in 

the vicinity of the hazardous waste cell. However, the elevation 

at which the hardpan layer was encountered at the location of 

test boring TB-1 suggests a slight dip or anomaly in the top of 

the hardpan at that location. 

Based on the subsurface information obtained in both 

investigations, the subsurface for the native soil was subdivided 

into five layers (4 through 8) and they are described below. For 

ease of reference, the native soil layers have been designated 

Layer 4 (lacustrine silty clay), Layers 5 and 6 (two medium silty 

clay layers), Layer 7 (stiff silty clay) and Layer 8 (hardpan). 

The fill deposits have been designated Layers 1 through 3, and 

are discussed in a later section of this report. 

Design Layer 4 - At the locations of TB-3 and TB-4 a stiff 

lacustrine deposit is encountered beneath the fill, which extends 

to depths ranging from approximately 19 to 22 feet below the 

existing ground surface (Elevations 578 to 572). The test boring 

logs for of TB-1 and TB-2 do not identify the material below the 

fill in these borings as a lacustrine deposit. However, review 

of the laboratory data from TB-1 and TB-2 and from TB-3 and TB-4 

indicates similar moisture contents in the soil immediately 
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below the fill for both sets of borings. It is believed that the 

material below the fill in TB-1 and TB-2 represent the same 

lacustrine deposit as is identified on the logs of TB-3 and TB-4. 

Design Layer 5 - Underlying the lacustrine deposit is a soft to 

medium gray silty clay deposit which contains a little to some 

sand and gravel. The clay deposit extends to depths of 

approximately 43 to 62 feet below the prevailing ground surface 

elevation, corresponding to Elevations 520 to 535. 

Design Layer 6 - The upper medium gray silty clay (Layer 5) is 

underlain by a somewhat different medium gray silty clay which 

extends to depths of 72 to 77 feet below the ground surface 

(Elevation 518 to 522) in TB-3, TB-4 and TB-5. Although this 

layer exhibits similar strength characteristics as the upper 

medium deposit, it contains somewhat more sand and exhibits 

somewhat less plasticity. 

Design Layer 7 - In TB-3 and TB-4, a layer of stiff gray silty 

clay underlies the medium gray silty clay deposits. This lower 

stiff layer is in turn underlain by hardpan. Review of the 

boring logs for TB-1 and TB-2 indicates that the standard 

penetration resistance for the soil directly above the hardpan 

was observed to range from 7 to 17 blows per foot for a distance 

of approximately 5 to 15 feet above the hardpan. These blow 

counts also correspond to a stiff consistency in cohesive soil. 
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The stiff gray silty clay encountered in TB-3 and TB-4 extends to 

depths of approximately 86 to 89 feet below the ground surface 

(Elevation 508 to 505). 

Design Layer 8 - The stiff gray silty clay was underlain by a 

very hard clayey silt to silty clay material locally termed 

hardpan. This material exhibits standard penetration resistance 

greater than 50 blowsjfoot. 

Groundwater Conditions 

A pneumatic piezometer was installed in the underlying bedrock 

aquifer within test boring TB-1 during our initial subsurface 

investigation at the site. Subsequent water level measurements 

indicated a piezometric elevation of approximately Elevation 605 

within the bedrock aquifer. Artesian groundwater conditions were 

encountered in the hardpan layer during the drilling of both test 

boring TB-3 and TB-5. Boring TB-4 did not penetrate the hardpan 

and no groundwater was encountered in this boring. The results 

of the individual water level observations are shown on the 

respective Logs of Test Boring. 
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SELECTION OF DESIGN PARAMETERS 

The results of the field and laboratory testing developed during 

our investigations of the site have been summarized and evaluated 

for the purpose of selecting design parameters for use in the 

slope stability analyses. The following paragraphs present the 

results of our evaluations and the corresponding design 

parameters. 

Index Properties - For ease of reference, the results of the 

laboratory testing for soil index properties are presented 

graphically on Figure 26, Summary of Soil Index Properties. As 

shown on Figure 26, the measured values of total density, 

moisture content and Atterberg limits are presented for each soil 

layer at each test boring location. Review of Figure 26 

indicates that within Layer 4, total soil density ranges from 115 

to 134 pcf, moisture content ranges from 23 to 33 percent, liquid 

limits range from 24 to 38 percent, and plasticity indices range 

from 10 to 18 percent. Within Layer 5, total soil density ranges 

from 128 to 137 pcf, moisture content ranges from 18 to 22 

percent, liquid limits range from 21 to 32 percent, and 

plasticity indices range from 7 to 15 percent. For Layer 6, 

total soil densities range from 126 to 136 pcf, moisture contents 

range from 22 to 24 percent, liquid limits range from 31 to 52 

percent, and plasticity indices range from 13 to 26 percent, and 
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for Layer 7, total soil densities range from 117 to 129 pcf, 

moisture contents range from 22 to 32 percent, liquid limits 

range from 29 to 53 percent and plasticity indices range from 13 

to 29 percent. 

These values indicate consistent results across the site in all 

layers. Based on these test results, the following design 

parameters were selected. 

Layer 4: 

Layer 5: 

Layer 6: 

Layer 7: 

Density = 124 pcf 

Moisture 
Content = 29 % 

Density = 133 pcf 

Moisture 
Content = 21 % 

Density = 130 pcf 

Moisture 
Content = 23 % 

Density = 128 pcf 

Moisture 
Content = 25 % 
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Undrained Shear Strength - The results of the vane shear testing 

and unconfined compressive strength testing performed at the site 

are summarized on Figures 21 and 22, summary of Laboratory Data, 

as well as on Figures 4 through 2 0, Vane Shear Test Results. 

Review of these test results from Test borings TE-l through TB-4 

indicate undrained shear strengths ranging from 553 to 1115 psf 

in Layer 4, ranging from 580 to 846 psf in Layer 5, and ranging 

from 218 to 924 psf in Layer 6. One vane shear value of 1241 psf 

was obtained from Layer 7. With the exception of one low shear 

vane test value in Layer 6 (i.e., 218 psf at the location of test 

boring TB-3), the remainder of the test results for test borings 

TB-1 through TB-4 show good agreement across the site. 

While index properties tests from borings TB-1 through TB-5 and 

the triaxial test data indicate uniformity in soil 

characteristics across the site, the results of the vane shear 

testing performed in test boring TB-5 are lower than the values 

recorded in test borings TB-1 through TB-4 for both layers 

tested. At the location of TB-5 within Layer 5, undrained shear 

strengths range from 208 to 341 psf and within Layer 6, shear 

strengths ranging from 186 to 465 psf were recorded. No vane 

shear tests were performed in Test Boring TB-5 in Layer 7. 

Some reduction in shear strengths at the location of test boring 

TB-5 may be expected due to the lower overburden pressure at the 

location of TB-5. The shear strength of soil is directly 
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proportional to the overburden pressure. In the vicinity of test 

boring TB-5, the cell has been excavated, such that the existing 

overburden is approximately 30 feet lower than the prevailing 

ground surface elevation. Therefore, we would expect the soil 

strengths under the floor of the cell to be lower than the soil 

strengths under the sides of the cell. The vane shear test 

generally measures available in-situ shear strength which is a 

function of the available overburden pressure. 

However, considering the consistency of index properties and 

triaxial test data across the site we believe that the shear 

strength measured by the vane shear test may also be low due to a 

malfunction of the vane shear device during field operations. 

:e do not believe that the lower shear strengths recorded at the 

location of test boring TB-5 are significant with respect to the 

stability of the cell. The results of our slope stability 

analysis, presented in a later section of this report, indicate 

that the critical slope failure surfaces are located under the 

sides of the cell. Therefore, the shear strength of the native 

subsoils contributing to the stability of the slopes are best 

represented by the results of soil testing performed on samples 

from TB-1 through TB-4. 

We therefore selected undrained shear strength parameters, after 

accounting for sampling disturbance, for use in the slope 
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stability analysis based on the results of the vane shear and 

unconfined compressive strength test results from the relevant 

test borings TB-1 through TB-4 as follows: 

Layer 4: 

Layer 5: 

Layer 6: 

Layer 7: 

c = 880 psf 

c = 880 psf 

c = 880 psf 

c = 3000 psf 

Triaxial Shear Strength Results - The results of the triaxial 

shear strength results are presented in Figure 23, Summary of 

Triaxial Shear Strengths. These results were evaluated in 

accordance with the method presented by Lambe and Whitman in 

their text entitled "Soil Mechanics". This diagram represents 

various states of stress for a given soil, and allows a 

comparison of the cohesion values obtained for the various 

samples during the triaxial testing with an adjustment for the 

overburden stress of each individual sample. 

For a p-q diagram, the peak points of the stress-strain curves 

from triaxial tests (or p and q at failure) are plotted. A 

curved line can be drawn through these points; this curve can be 

approximated by a straight line over the stress range of 

interest. The equation of the straight line can then be 

obtained from the slope and intercept, and the shear strength is 

represented as a function of vertical pressure. 
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Using the p-q test results, we developed both effective and total 

parameters for the slope stability analysis. Based on the test 

results, the native soils at the site exhibit both cohesive and 

frictional strength in both the drained (effective stress) and 

undrained (total stress) conditions. 

For design purposes, we have selected the following shear 

strength parameters for each layer. 

Layer 5: Effective Stress Parameters 

c' = 
</>I = 

o psf 
24 

Total Stress Parameters 

c = 850 psf 

"' = 8 

Layer 6: Effective stress Parameters 

0 psf 
24 

Total Stress Parameters 

c = 540 psf 
"' = 12 

Layer 7: Effective Stress Parameters 

c' = 

<I>' = 
0 psf 

35 

Total Stress Parameters 

c = 3000 psf 

"' = 0 
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It should also be noted that the stiff gray silty clay (Layer 7) 

is underlain by a very hard clayey silt to silty clay material 

locally termed hardpan. This material has standard penetration 

resistance greater than 50 blows/foot. For design purposes, the 

hardpan was assigned a cohesion value of 10,000 psf. 

Design Configuration 

Review of the design drawings prepared by MCI prompted the 

development of two different design configurations for slope 

stability analysis. Review of Section A-A on sheet 11 of the MCI 

drawings indicates that the east and west sides of Cell II have 

slightly different configurations. 

East Side - The configuration of the east side of Cell II is 

presented on Plates 3B, 4B and 5B. Review of these plates 

indicates that the east side of Cell II contains a compacted clay 

berm located adjacent to the non-hazardous waste cell. The berm 

is underlain by native soil. 

West Side The configuration of the west side of Cell II is 

presented on Plates 3A, 4A and 5A. These plates indicate that 

the west side of Cell II contains a compacted clay berm located 

immediately adjacent to solid waste fill and supported on a thin 

fill layer. This lower fill layer is underlain by native soil. 
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The selection of design parameters for the upper fill materials 

are discussed below. 

Fill Material 

Layer 1 consists of compacted clay fill for the liner and 

stabilization berm. Design parameters for use in the slope 

stability analysis were selected from the APCM Liner Engineering 

Report. The parameters utilized for design include total density 

of 130 pcf, cohesion of 2500 psf, and friction angle of zero. 

Layer 2 consists of landfill material in the adjacent cell. This 

material consists of industrial wastes such as slag sand and fly 

ash. For design purposes, it has been assumed that this fill 

material has a total density of 125 pcf, an angle of internal 

friction of 25 degrees and no cohesion. Layer 3 consists of fill 

material encountered at the top of the compacted clay berms 

during the current and previous subsurface investigations. This 

material consists of silty clay with traces of brick and concrete 

fragments. For design purposes, this layer has been assigned a 

total density of 130 pcf, cohesion of 1000 psf and ¢ = o. 

SUMMARY OF DESIGN PROFILES 

A summary of the design profiles for the undrained (¢ = O), as 

well as total stress parameters are presented in Tables 1 and 2 

below: 
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TABLE l. 

DESIGN UNDRAINED STRENGTH PARAMETERS 

Total Angle of 
Density Cohesion Internal 

Layer Description Cpcfl Ips f) Friction-¢ 

l. Compacted 1.30 2500 oo 
Clay Liner 

2 Solid Waste 1.25 0 25° 
Fill Slag Sand 
and Fly Ash 

3 Clay Berm 130 1000 oo 

4 Stiff Gray 130 880 oo 
Silty Clay 

5 Medium Gray 130 880 oo 
Silty Clay 

6 Medium Gray 130 880 oo 
Silty Clay 

7 Stiff Gray 128 3000 oo 
Silty Clay 

8 Hardpan 130 10,000 oo 
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Layer 

1 

2 

3 

4 

5 

6 

7 

8 

TABLE 2 

DESIGN STRENGTH PARAMETERS 
TOTAL STRESS ANALYSIS 

Total 
Density Cohesion 

Description Cpcfl Cpsfl 

Compacted 130 2500 
Clay Liner 

Solid Waste 125 0 
Fill Slag Sand 
and Fly Ash 

Clay Berm 130 1000 

Stiff Gray 124 650 
Silty Clay 

Medium Gray 133 650 
Silty Clay 

Medium Gray 130 500 
Silty Clay 

Stiff Gray 128 3000 
Silty Clay 

Hardpan 130 >10,000 

Angle of 
Internal 

Friction-¢ 

oo 

25° 

oo 

10° 

10° 

12° 

oo 

oo 

A summary of the design profile for the effective stress 

(drained) condition is presented in Table 3 below. 
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TABLE 3 

DESIGN STRENGTH PARAMETERS 
EFFECTIVE STRESS ANALYSIS 

Total 
Density Cohesion 

Layer Description (pcfl (psfl 

1 Compacted 130 2500 
Clay Liner 

2 Solid Waste 125 0 
Fill Slag sand 
and Fly Ash 

3 Clay Berm 130 0 

4 Stiff Gray 124 250 
Silty Clay 

5 Medium Gray 133 250 
Silty Clay 

6 Medium Gray 130 350 
Silty Clay 

7 Stiff Gray 128 0 
Silty Clay 

8 Hardpan 130 >10,000 

SLOPE STABILITY 

Angle of 
Internal 

Friction-¢ 

oo 

25° 

25° 

24° 

24° 

24° 

35° 

>35° 

It is important to note that the total shearing strength of a 

soil is defined as s = c + p' tan ~; where c is the cohesion or 

undrained shear strength of the soil, p' is the effective 

overburden pressure of the soil, and ~ is the angle of internal 
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friction of the soil. When a soil is initially loaded such that 

excess pore pressure is induced, the apparent strength of the 

soil is characteristic of the total shearing strength, i.e. , it 

exhibits both cohesive and frictional strength. With time, 

however, the excess pore pressure dissipates, and the soil 

behaves dS an essentially frictional material. Therefore, a 

slope stability analysis needs to include an analysis of both 

total strength short-term parameters and an effective strength 

(long-term) parameters. In addition, we examined the case of 

undrained (¢ = 0) conditions. 

The stability of the two different design sections were evaluated 

using both drained and undrained strength parameters. The 

analysis was performed using a computer program entitled "PC­

Slope" which was developed by Gee-Slope Programming Ltd. This 

software will search for the critical failure surface once the 

limits of the failure surface are defined. By varying the 

initiation and termination points of the failure surface, the 

critical circle for each design profile was located and the 

corresponding factor of safety defined. The program determines a 

factor of safety based on the ordinary Bishop and Janbu Methods. 

The factor of safety based on the Janbu Method of analysis, which 

is the most conservative, was used for this analysis. 

Our analysis also incorporated a construction surcharge of 1000 

psf applied to the dike on the east and west sides for a short-
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term drainage condition. This surcharge is intended to simulate 

loading on the haul road during construction of the cell. In 

addition, a surcharge of 1000 psf was applied to the east side of 

the cell for long-term drained stability conditions. This 

surcharge loading is intended to simulate truck loading on the 

haul road during filling of the cell. 

Results of the Slope Stability Analysis 

The slope stability analysis of Cell II was performed for the two 

different surface configurations (i.e. east side and west side) 

based on the design strength parameters presented previously. In 

addition, the design configuration included the confining berms 

planned for installation around the perimeter of the toe of the 

cell side slopes. 

The results of the stability analysis are tabulated below. 

SUMMARY OF FACTORS OF SAFETY 

East Side 

Undrained - (¢ = 0) 

Total Stress 

Effective Stress 

24 

Factor of Safety 

1.4 

1.7 

1.7 





West Side 

Undrained - (¢ = 0) 

Total Stress 

Effective Stress 

1.2 

1.3 

1.5 

The results of this investigation indicate that the computed 

factors of safety against failure of the side slopes of Cell I 

for both short term and long term drainage conditions are 

adequate for the proposed Hazardous Waste Cell II, based upon 

construction of the proposed confining berms. 

As shown above the lowest safety factor occurs·on the west side 

of the cell for the undrained condition. We believe this value 

is impacted by the 1000 psf surcharge assumed to exist during the 

construction condition. While this safety factor is adequate, it 

may be advisable to maintain traffic on the outside of the berm, 

away from the edge of the cell, during construction of the cell. 

SETTLEMENT ANALYSIS 

In conjunction with 

performed for the 

the original 

operating 

geotechnical investigation 

license application, one 

consolidation test was performed, and a settlement analysis for 

the cell was performed. To confirm the consolidation design 

parameters used in the original settlement analysis, two 
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additional consolidation tests were performed in conjunction with 

the current investigation. The results of these two additional 

consolidation tests are presented on Figure Nos. 24 and 25. 

Review of these figures indicates that the preconsolidation 

pressure Pc computed for the current investigation is about 1.7 

tsf, and the compression index Cc' ranges from 0. 090 to 0.10 

inches per inch (in/in). The recompression index Cr' is 0.020 

in/in. For the initial settlement analysis, Pc values of about 

2.5 tsf, a Cc' value of 0.138 in/in and a Cr' value of 0.026 

in/in were used. 

The Pc values determined from the present investigation appear to 

be smaller than those developed in the previous investigation. 

We have therefore recomputed the estimated maximum and minimum 

total settlements that may occur under the liner of Cell II. 

The results of our settlement analysis indicate an estimated 

maximum total settlement of approximately 1. 4 feet under the 

center of the cell, and an estimated minimum total settlement of 

approximately 8 inches under the edge of the cell. These values 

correspond to an estimated maximum differential settlement of 10 

inches which is expected to occur over approximately 300 feet. 

The major impact of this settlement is expected to be a slight 

flattening of the hydraulic gradient in the leachate collection 

system. 
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We have also analyzed the effect of this differential settlement 

on the structural integrity of the pipe planned for installation 

in the leachate collection system. Based on our analysis, this 

amount of differential settlement is not expected to structurally 

damage the pipes. 

Very truly yours, 

NEYER, TISEO & HINDO, LTD. 

"' 1/ / ;/ (' .. , •T / .I ;J/} 
¢ aut&( u ''/J.;~10( c:o!k~ 
'/ 

Laurel A. Kendall, P.E. 
Project Manager 

/1 

JA£~6 ). {],Fi~/ .. k-
Sherif S. Afifl, ~'.E. 
Geoenvironmental Department Manager 

CJG/SSAjsew 
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NEYER, TISEO & HINDO, LTD. 

GENERAL NOTES 

TERMINOLOGY 

Unless otherwise noted, all terms utilized herein refer to the Standard Definitions presented in ASTM D 653. 

PARTICLE SIZE& 

Greater than 12 inches (305mm) Boulders 
Cobbles 
Gravel 4 Coarse 

Fine 

3 inches (76.2mm) to 12 inches (305mm) 
3/4 inches (19.05mm) to 3 inches (76.2mm) 

Sand Coarse 
No.4- 3/16 inches (4.75mm) to 3/4 inches (19.05mm) 
No. 10 (2.00mm) to No.4 (4.75mm) 

Medium 
Fine 

No. 40 (0.425mm) lo No. 10 (2.00mm) 
No. 200 (0.074mm) to No. 40 (0.425mm) 

Silt 
Clay 

O.OOSmm to 0.074mm 
Less than 0.005mm 

COHESIONLESS SOILS 

Classification 

The major soil constituent is the principal noun, 
i.e. sand, silt, gravel. The second major soil 
constituent and other minor constituents are 
reported as follows: 

Second Major Constituent 
(percent by weight) 

Trace- 1 to 12% 

Minor Constituents 
(percent by weight) 

Trace- 1 to 12% 

Little - 12 to 23% 

Density 
Classification 

Very Loose 

Loose 

Medium Compact 

Compact 

Very Compact 

Relative 
Density o/o 

0-15 

16-35 

36-65 

66-85 

86-100 

Approximate 
Range of (N) 

0-4 

5-10 

11 -30 

31-50 

Over 50 
Adjective - 12 to 35% 

(clayey, silty, etc.) 

And - Over 35% 
Some - 23 to 33% 

Relative Density of Cohesionless Soils is based upon the evaluation of 
the Standard Penetration Resistance (N), modified as required for 
depth effects, sampling effects, etc. 

COHESIVE SOILS 

If clay content is sufficient so that clay dominates soil properties, clay becomes the principal noun with the other major soil 
constituent as modifier; i.e., silty clay. Other minor soil constituents may be included in accordance with the classification 
breakdown for cohensionless soils; i.e., silty clay, trace of sand, little gravel. 

Consistency 

Very Soft 
Soft 
Medium 
Stiff 
Very Stiff 
Hard 
Very Hard 

Unconfined Compressive 
Strength (psi) 

Below 500 
500·1000 

1000-2000 
2000-4000 
4000-8000 
8000-16000 
Over 16000 

Appromixate 
Range of (N) 

0-2 
3-4 
5-8 
9-15 

16-30 
31-50 

Over 50 

Consistency of cohesive soils is based upon an evaluation of the observed resistance to deformation under load and not upon 
the Standard Penetration Resistance (N). 

SAMPLE DESIGNATIONS 

AS Auger Sample - Directly from auger flight. 
BS Miscellaneous Samples· Bottle or Bag. 
S Split Spoon Sample with Liner Insert - ASTM D 1586 
LS Liner Sample S with liner insert 3 inches in length. 
ST Shelby Tube Sample · 3 inch diameter unless otherwise noted. 
PS Piston Sample· 3 inch diameter unless otherwise noted. 
RC Rock Core- NX core unless otherwise noted. 

STANDARD PENETRATION TEST (ASTM D 1586) ·A 2.0" outside-diameter, 1-3/8" inside-diameter split barrel sampler is 
driven into undisturbed soil by means of a 140-pound weight falling freely through a vertical distance of 30 inches. The sampler is 
normally driven three successive 6-inch increments. The total number of blows required for the final 12 inches of penetration IS 

the Standard Penetration Resistance (N). 
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NEYER ' 
TISEO & HINDO ' LTD. 

LOG OF TEST BORING NO. TB-3 
Project Name: SUPPLEMENTAL SUBSURFACE INV. /ALLEN PARK CLAY MINE NTH Proj.~: 88612 AW 
Project Location: ALLEN PARK, MICHIGAN Chk. By: 

SUBSURFACE PROFILE SOIL SAMPLE DATA 
DEPTH SA~PLE BLOWS{ 

STD. PEN. ~OISTURE DRY UNCONF. 
ELEV. PR o- GROUND SURFACE ELEVATION: 594.7 FT RESI~~NCE CONTENT "f~~w co1~;hsr. (rT) rl LE (rT) TYPE/NO. 6-INCH S PERCENT 

.-

FILL: DARK BROWN SILTY CLAY 
! 590 ·._ WITH TRACE OF SAND, GRAVEL AND BRICK FRAGMENTS 5 

: 'f r--.. 
. , 
.. .. 8.0 

3 
I 585 10 S-1 

3 
5 8 - - -

1- . 
.. . I 

1-580-. 
STIFF GRAY SILTY CLAY 

WITH TRACE OF SAND 15 S-2 !-==- - - -

~ 

PS-1 21.5 110 2180 
19.0 

575 20 VS-1 - - 1106* 

- . 
- .. 

" 

,_ 
570 25 PS-2 17.6 117 -

-. 

565 • MEDIUM GRAY SILTY CLAY 
WITH LITTLE TO SOME SAND AND 30 VS-2 - - 1214* 

-.. TRACE OF GRAVEL .. 

~560 . 
1--- ... , 35 PS- - - -

·-.. . PS-3 18.3 115 1240 

: -. 
555 '. 

·- . iO VS-3 - - 1186* 

CONTINUED ON NEXT SHEET 

TOTAL DEPTH: 89.5 n WATER LEVEL OBSERVATION: 
DRILLING DATE: 1/13-16/89 NO ~EANINGFUL WATER DATA AT COMPLETION SINCE 
INSPECTOR: V. PERSON/A. AUGUSTYNIAK WATER ADDEO TO DRILL HOLE. 
CONTRACTOR: AMERICAN DRILLING CO. ARTESIAN CONDITIONS WERE ENCOUNTERED AT END 
DRILLER: 1.4. MAYRANO OF BORING. 
DRILLING HETHOD : 

~.0 INCHES OIAt.tETER SOLID STEt.t AUGER TO 10.0 FEET, 
3.8 INCHES OIA~ETER ROTARY ROLLER BIT WITH DRILLING * AS DETERMINED BY A VANE SHEAR TEST (2Su = qu) 
FLUID (WATER) RECIRCULATION. 

PLUGGING PROCEDURE : COORDINATES: N 3986.1 I E 6679.4 
HOLE PLUGGED WITH NON-SHRINKING CEMENT GROUT. 

FIGURE NO. 1A 





NEYER , TISEO & HINDO , LTD. 
LOG OF TEST BORING NO. TB-3 

Project Name: SUPPLEMENTAL SUBSURFACE INV. /ALLEN PARK CLAY MINE 
Project Location: ALLEN PARK, MICHIGAN 

NTH Proj~~ 88612 AW 
Chk. By: 

SUBSURFACE PROFILE SOIL SAMPLE DATA 
ELEV. PR o- DEP)H SAMPLE SLOWSf STO~~N. UOISTURE DRY UNCONF. 

(FT) rl LE CONTINUED FROM PREVIOUS SHEET (FT TYPE/NO. 6-INCH S RESI~J NCE ~~~Jf~f, Df~c'W co1~~hsr. 

: 
- . . . .. 
. . 

550 ·. 15 PS-4 19.4 112 1560 

- ' .. 

~545-·· so VS-4 1692* 
~- MEDIUM GRAY SILTY CLAY - -

' WITH LITTLE TO SOME SAND AND 
' TRACE OF GRAVEL , 

~ -
510 55 PS-5 19.6 112 1420 .. . ' ·. 
~ - " .. ·. •, 

' 
1535 ~ 

.. 
60 VS-5 - - 1810* 

-

' 62.0 
1-.. 

·. 
530 65 PS-6 22.7 105 1420 

1- .. 
' - .. 

MEDIUM GRAY SILTY CLAY 1- -
525 . WITH LITTLE TO SOME SAND AND 

1- 70 I--- .. TRACE OF GRAVEL VS-6 - - 1848* 

.. 1- -
' 1- -

1-520- : 
I-==-: ; : 75 PS-7 24.3 109 -

.. 
77.0 

. ' STIFF GRAY SILTY CLAY 
'. WITH TRACE TO LITTLE SAND 

515 . : 
~ 80.0 80 VS-7 1241* 

CONTINUED ON NEXT SHEET 

TOTAL DEPTH: 89.5 n WATER LEVEL OBSERVATION: 
DRILLING DATE: 1/13-16/89 NO ~EANINGFUL WATER DATA AT COMPLETION SINCE 
INSPECTOR: V. PERSON/A. AUGUSTYNIAK WATER ADDED TO DRILL HOLE. 
CONTRACTOR: At.IERICAN DRILLING CO. ARTESIAN CONDITIONS WERE ENCOUNTERED AT END OF 
DRILLER: W. WA.YRAND BORING. 
DRILLING llETHOD : 

4.0 INCHES DIAI.IETER SOLID STEW AUGER TO 10.0 FEET, 
3.8 INCHES DIAMETER ROTARY ROLLER BIT WITH DRILLING * AS DETERMINED BY A VANE SHEAR TEST (2Su = qu) 
FLUID (WATER) RECIRCULATION. 

PLUGGING PROCEDURE : COORDINATES: N 3986.1 I E 6679.4 
HOLE PLUGGED WITH NON-SHRINKING CEMENT GROUT. 

FIGURE N0.1B 





NEYER , TISEO & HINDO , LTD. 
LOG OF TEST BORING NO. TB-3 

Project Name: SUPPLEMENTAL SUBSURFACE INV. / ALLEN PARK CLAY MINE 
Project Location: ALLEN PARK, MICHIGAN 

NTH Proj. _!!~: 88612 AW 
Chk. By: qr;--

ELEV. PRO­
(FT) FILE 

510 . 
~-"-'-'- ' 

1500 

. 

495 

-

~ -

480 

-
-

SUBSURFACE PROFILE 

CONTINUED FROM PREVIOUS SHEET 

STIFF GRAY SILTY CLAY 
WITH TRACE TO LITTLE SAND 

TOTAL DEPTH: 89.5 rT 
DRILLING DATE: 1/13-16/89 
INSPECTOR: V. PERSON/A. AUGUSTYNIAK 
CONTRACTOR: AWERICAN DRILLING CO. 
DRILLER: lot. lotAYRAND 
DRILLING II:ETBOD : 

4.0 INCHES DIAI.tETER SOLID STEM AUGER TO tO.O FEET, 
3.8 INCHES DIAI.tETER ROTARY ROLLER BIT WITH DRILLING 
FLUID (WATER) RECIRCULATION. 

PLUGGING PROCEDURE : 
HOLE PLUGGED WITH NON-SHRINKING CEMENT GROUT. 

86.0 
85 PS-8 

~ 

t-

~ 

SOIL SAMPLE DATA 

19 
25 
30 55 

YATER LEVEL OBSERVATION: 
NO IAEANINGFUL WATER DATA AT COIAPLETION SINCE 
WATER ADDED TO DRILL HOLE. 

ARTESIAN CONDITIONS WERE ENCOUNTERED AT END OF 
BORING. 

* AS DETERMINED BY A VANE SHEAR TEST (2Su = qu) 

COORDINATES: N 3986.1 IE 6679.4 

FIGURE N0.1C 
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NEYER, TISEO & HINDO, LTD. 
LOG OF TEST BORING NO. TB-4 

Project Name: SUPPLEMENTAL SUBSURFACE INV./ ALLEN PARK CLAY MINE 

Project Location: ALLEN PARK, MICHIGAN 
NTH Proj~8612 AW 
Chk. By: 

SUBSURFACE PROFILE SOIL SAMPLE DATA 
£LEV. PR o- DEPTH SAUPL£ BLOWSf 

STD. PEN. ldOISTURE DRY UN CON F. 

(FT) FILE GROUND SURFACE ELEVATION: 594.0 FT (H) TYPE/NO. 6-INCH S RESl~J~NCE I c~~~Jf~~h •fmF co(~~F>sr. 

~ 
~ 

,sso 
FILL: DARK BROWN SILTY CLAY 

WITH PIECES OF BRICK ~ 
-

585 5 
9.5 10 s 1 

4 

- 4 8 -

\ r LOOSE TAN SAND 

f- - . ~ 

580- • • 4 

15 S-2 
4 

33.2 88 2060 7 11 

-
STIFF GRAY SILTY CLAY - WITH TRACE OF SAND AND GRAVEL 

575 - f- 20 PS-1 30.0 95 2230 

-
2?.0 

1570 -. 
f- -

-
- . . 25 VS-1 - - 1538* 

•. 

565. c.:::::... 
.. ~ PS-2 19.5 113 1350 

~EDIUIA GRAY SILTY CLAY 
WITH LITTLE SAND AND TRACE OF GRAVEL ' 

1- -

560- 1-
t-=-=-=- 1-35 1332* VS-2 - -

,sss 
1- iO PS-3 19.2 112 1440 

CONTINUED ON NEXT SHEET 

TOTAL DEPTH: 90.0 FT WATER LEVEL OBSERVATION: 
DRILLING DATE: 1/17-19/89 NO t.CEANINGFUL WATER DATA AT COt.CPLETION SINCE 
INSPECTOR: A. AUGUSTYNIAK WATER ADDED TO DRILL HOLE. 
CONTRACTOR: At.CERICAN DRILLING CO. 
DRILLER: t.C. t.CAYRAND 
DRILLING YETHDD : * AS DETERMINED BY A VANE SHEAR TEST (2Su = qu) 

4.0 INCHES DIAMETER SOLID STElA AUGER TO 10.0 tEET, 
3.8 INCHES DIAMETER ROTARY ROLLER BIT WITH DRILLING COORDINATES: N 4025.7 I E 7156.8 
FLUID (WATER) RECIRCULATION. 

PLUGGING PROCEDURE : 
HOLE PLUGGED WITH NON-SHRINKING CEIAENT GROUT. 

FIGURE NO. 2A 





NEYER, TISEO & HINDO, LTD. 
LOG OF TEST BORING NO. TB-4 

Project Name: SUPPLEMENTAL SUBSURFACE INV. / ALLEN PARK CLAY MINE 
Project Location: ALLEN PARK, MICHIGAN 

NTH Proj~ 88612 AW 
Chk. By: · 

SUBSURFACE PROFILE SOIL SAMPLE DATA 
ELEV. PR o- D(JPTH SAIAPLE BLOWSf 

STD. PEN. WOISTURE DRY UNCONF. 

(FT) riLE CONTINUED FROM PREVIOUS SHEET FT) TYPE/NO. 6-INCH S RESI~~NCE I c~~:J€~fl "f~JW co(~~hsr. 

. 

~550 '. 
r-- 45 VS-3 1500* - -

- MEDIUM GRAY SILTY CLAY . - WITH LITTLE SAND AND TRACE OF GRAVEL 

545 - 50 PS-4 21.0 115 1140 
- ' . 

· .. 
540 

55 VS-4 - - 1174* .. . 57.0 
. 

535 r-
60 PS-5 22.2 107 -

' 
r-

530 : MEDIUM GRAY SILTY CLAY 
WITH LITTLE SAND AND TRACE OF GRAVEL 65 VS-5 * - - 436 

- .. 
525-. 
r-- 70 PS-6 24.1 105 -

-
72.0 . 

520 . ' 
75 VS-6 - - 1118 * 

STIFF GRAY SILTY CLAY 
0 . WITH TRACE OF SAND AND GRAVEL _, 
• 0 

515 ' 9 
r-- ,· 80 S-3 

13 

- 15 28 - - -
CONTINUED ON NEXT SHEET 

TOTAL DEPTH: 90.0 rT 1fATEE LEVEL OBSERVATION: 
DRILLING DATE: 1/17-19/89 NO IAEANINGFUL WATER DATA AT COMPLETION SINCE 
INSPECTOR: A. AUGUSTYNIAK WATER ADDEO TO DRILL HOLE. 
CONTRACTOR: At.IERICAN DRILLING CO. 
DRILLER: M. WAYRAND 
DRILLING llETHOD : 

4.0 INCHES DIAMETER SOLID STElA AUGER TO 10.0 FEET, * AS DETERMINED BY A VANE SHEAR TEST (2Su = qu) 
3.8 INCHES DIAMETER ROTARY ROLLER BIT WITH DRILLING 
FLUID (WATER) RECIRCULATION. COORDINATES: N 4025.7 I E 7156.8 

PLUGGING PROCEDURE : 
HOLE PLUGGED WITH NON-SHRINKING CEMENT GROUT. 

FIGURE NO.2 B 





NEYER • TISEO & HINDO • LTD. 
LOG OF TEST BORING NO. TB-4 

Project Name: SUPPLEMENTAL SUBSURFACE INV./ ALLEN PARK CLAY MINE 

Project Location: ALLEN PARK, MICHIGAN 
NTH Pr~~ 88612 AW 
Chk. By: 

SUBSURFACE PROFILE SOIL SAMPLE DATA 
ELEV. PR o- DEPTH SA\!IPL£ BLOWS{ 

STD. PEN. I.IOISTURE DRY UN CON F. 

(rT) F ILE CONTINUED fROM PREVIOUS SHEET (H) TYPE/NO. 6-INCH S RESI~~NCE ~~~Jf~r\ 0 r~€W co1~~hsr. 

.. 
-

510 '' 3 
• STIFF GRAY SILTY CLAY 5 

WITH TRACE Of SAND AND GRAVEL 85 S-4 6 11 - - -

• ~ -

- ~ 

505- 89.n 9 
13 

HARD GRAY SILTY CIJIY 90 .• Q 90 S-5 24 37 - - -
" 

- WITH TRACE OF GRAVEL 

~ - ' ....... ---.-- ..... ti•IO' l:ll' '!iO-~H-l G ..... " ...... -----. 

500 

~ 
~ -

1195 

1- ~ 

1490 

~ 

1-

1185 

~ 

1180 

~ 

1175 

' ~ 

TOTAL DEPTH: 90.0 rT li'ATER LEVEL OBSERVATION: 
DRILLING DATE: 1/17-19/89 NO ljEANINGFUL WATER DATA AT COMPLETION SINCE 
INSPECTOR: A. AUGUSTYNIAK WATER ADDED TO DRILL HOLE. 
CONTRACTOR: AI.IERICAN DRILLING CO. 
DRILLER: M. MAYRAND 
DRILLING IIETHOD : 

4.0 INCHES DIAMETER SOLID STEW AUGER TO 10.0 FEET, * AS DETERMINED BY A VANE SHEAR TEST (2Su = qu) 
3.8 INCHES DIAMETER ROTARY ROLLER BIT WITH DRILLING 
FLUID (WATER) RECIRCULATION. 

COORDINATES: N 4025.7 IE 7156.8 
PLUGGING PROCEDURE : 

HOLE PLUGGED WITH NON-SHRINKING CEMENT GROUT. 

FIGURE N0.2c 





NEYER , TISEO & HINDO, LTD. 
LOG OF TEST BORING NO. TB-5 

Project Name: SUPPLEMENTAL SUBSURFACE INV.j ALLEN PARK CLAY MINE 
Project Location: ALLEN PARK, MICHIGAN 

NTH Pr~~: 88612 AW 
Chk. By: 

SUBSURFACE PROFILE SOIL SAMPLE DATA 
ELE\1. PR o- D~PTH SAMPLE BLOWS' 

STD. PEN. MOISTURE DRY UN CON F. 

(rr) n LE GROUND SURFACE ELEVATION: 563.2 FT FT) TYPE/NO. 6-INCH S R£S1~fNCE (~~~l~~i> "1mr col~~FfT· 

o. 
560 -. 

- 5 PS- - - -
-
" PS- - - -

555 

- . 10 
' - PS-1 20.9 109 -

.. 
550 -·. 

15 VS-1 
' 

- - 416* 

. 
f-545- • 

SOFT TO MEDIUM GRAY SILTY CLAY 20 PS-2 21.0 111 -
f- -

. 
WITH LITTLE TO SOME SAND AND .. 

TRACE OF GRAVEL ., 
540 -

- ' ' c 25- VS-2 - - 682* 
~ 

' . 
535-

f- -

- .. 
30 PS-3 22.1 104 -

f- -

' 530 r- -

35 VS-3 - - 372* 

.. 
r- -r- -; .. 

525 "I -. 

- •' 
- ' ; f- '10 PS-4 21.6 109 -

1- CONTINUED ON NEXT SHEET 

TOTAL DEPTH: 58.3 rr WATER LEVEL OBSERVATION: 
DRILLING DATE: 1/19-20/89 NO ~EANINGFUL WATER DATA AT COMPLETION SINCE 
INSPECTOR: A. AUGUSTYNIAK WATER ADDED TO DRILL HOLE. 
CONTRACTOR: AMERICAN DRILLING CO. ARTESIAN CONDITIONS WERE ENCOUNTERED AT END OF 
DRILLER: M. MAYRAND BORING. 
DRILLING HETHOD: 

•• 0 INCHES DIA~ETER SOLID STEM AUGER TO 10.0 FEET, * AS DETERMINED BY A VANE SHEAR TEST (2Su = qu) 3.8 INCHES DIA~ETER ROTARY ROLLER BIT WITH DRILLING 
FLUID (WATER) RECIRCULATION. COORDINATES: N 3820.B I E 6850.3 

PLUGGING PROCEDURE : 

HOLE PRESSURE-PLUGGED WITH NON-SHRINKING CEMENT GROUT. 
FIGURE NO. 3A 





NEYER, TISEO & HINDO , LTD. 
LOG OF TEST BORING NO. TB-5 

Project Name: SUPPLEMENTAL SUBSURFACE INV. j ALLEN PARK CLAY MINE 

Project Location: ALLEN PARK, MICHIGAN 
NTH Proj. No: 88612 AW 
Chk.By:~ 

SUBSURFACE PROFILE SOIL SAMPLE DATA 
ELEV. PR 0- DEPTH SAMPLE BLOWS' 

STD. PEN. WOISTURE DRY UNCONF. 

(FT) fiLE CONTINUED FROM PREVIOUS SHEET (FT) TYPE/NO. 8-INCH S RESifJfNCE I c~~~Jf~t> "f~~w co(~~·r· 

1- -
SOFT TO MEDIUM GRAY SILTY CLAY 

WITH LITTLE TO SOME SAND AND TRACE OF GRAVEL 

520-: ·. 43.0 

45 VS-4 - - 930* 

1-

515 
r-

r--; ' 
r- -

. STIFF GRAY SILTY CLAY 50 PS-5 24.7 100 -
1- WITH LITTLE SAND AND TRACE OF GRAVEL 

r- -

510 - r- 3 

• 1- 55 3 
S-1 5 8 - - -

,· 

se.9 

505 
HARD GRAY SILTY CLAY sa,~ S-2 37.2 85 -.. 

[HARDPAN] 
................... ti'H> lYf' ·a·MlNG ................... 

~ 
1-

500 

1- 65 
-

495 

~ 

~ - -
- 75 -

-
1-485-

1- -

f-'-'-'-

~ 

TOTAL DEPTH: 58.3 rT li'ATER LEVEL OBSERVATION: 
DRILLING DATE: 1/19-20/89 NO MEANINGFUL WATER DATA AT COMPLETION SINCE 
INSPECTOR: A. AUGUSTYNIAK WATER ADDED TO DRILL HOLE. 
CONTRACTOR: AMERICAN DRILLING CO. ARTESIAN CONDITIONS WERE ENCOUNTERED AT END OF 
DRILLER: 1.4. I.IAYRAND BORING. 
DRILLING II:ETHOD : 

4.0 INCHES DIAI.IETER SOLID STEW AUGER TO 10.0 FEET, 
3.8 INCHES DIAMETER ROTARY ROLLER BIT WITH DRILLING * AS DETERMINED BY A VANE SHEAR TEST (2Su = qu) 
FLUID (WATER) RECIRCULATION. 

PLUGGING PROCEDURE : COORDINATES: N 3820.8 I E 6850.3 

HOLE PRESSURE-PLUGGED WITH NON-SHRINKING CEMENT GROUT. 
FIGURE NO. 3B 





NEYER, TISEO a HINOO, LTD. 
PROJECT NO.: ~~§lZ QW PROJECT NAME: Allen Park Cla~ Mine 
LOCATION: A 11 en Park, Michigan DATE: 1U3i:89 

FIELD VANE SHEAR TEST REPORT 

TEST NO. VS-1 ELEV. TOP Of' HOLE 594.7 
BORING HOLE NO. TB-3 DEPTH TO TEST POINT 20.0' 
LINK e. STA. -- . ELEV. OF TEST POINT 574.7 
OFFSET -- ( Tip of Vonel 

VANE DATA 

TORQUE ARM LGTH. 12 IN. 

VANE LGTH. J.~ IN. 
VANE DIA. 2.Q IN. / ~ -- -

"' / 
ULTIMATE SHEAR STRENGTH (S I • 5.17 x APPLIED TORQUE (Tl ( ln.- lbs. l 

I lbs. I sq. ft. l (ln.- lbs.) 

FRICTION ON VANE SHAFT UNDISTURBED CONDITION REMOLDED - CONDITION 

R3!~~1on Fa rc:e G~fl: Rotation 
rees Reading .· 1 .) degrees Farce ~;as & l Readln be. Rot~Jion de rHs 

Force Gagn 
Readino lbs.l 

. 

-- -- 20 8.5 50 3.2 

-- -- 25 8.5 55 4.0 

-- -- 30 8.0 60 4.0 

-- -- 35 8.0 65 4.0 

READINGS e. CALCULATIONS ~NDISTURBED. REMOLDED 
CONDITION CONDITION 

MAXIMUM FORCE GAGE READINGS for VANE ( lbs. l 8.5 4.0 
MAXIMUM . FORCE · GAGE READINGS for SHAFT (I bs.) -- --
NET FORCE ( lbs.) 102 48 
APPLIED TORQUE (T)• NET FORCE x TORQUE ARMS (ln.-lbs.) 527 248 

ULTIMATE SHEAR STRENGTH (S)• 
I 

T I 
Ar ! 

Shear Strength (undisturbed l 2.1 ' SENSIVITY • = 
Shear Strength (remolded l 

NATURAL WATER HALF- UNCONFINED COMPREHENSIVE. 
CONTENT . ,. STRENGTH lbs. I sq. fl . 

TECHNICIAN A. Augustyniak CHECKED BY c. Griffin 

.. 
COMMENTS ___ Ro_d __ J_o_,n_t_s_m_,_g_h_t_b_e __ po_s_s_,_bl_Y __ lo_o_s_e_d_u_r_,_n_g_r_e_mo_l_d_,_ng_. ___ No __ r_e_s_,s_t_a_nc_e_. __ _ 

Increased shear strength by 5% to 553 psf on B.ierrum' s Correction Factor. 

FIGURE NO. 4 





NEYER, TISEO S HINDO, LTD. 
PROJECT NO.: 88612 ow PROJECT NAME: Allen Park Cla~ Mine 
LOCATION: Allen Park, Michigan OATE: lLWll2 

FIELD VANE SHEAR TEST REPORT 

TEST NO. VS-2 ELEV. TOP OF HOLE 59!1 z 
BORING HOLE NO. TB-3 DEPTH TO TEST POINT 30.0' 

LINK a STA. -- ELEV. OF TEST POINT 564.7 
OFFSET -- (Tip of vane) 

VANE DATA 

TORQUE ARM LGTH. 12 IN. 

VANE LGTH. 3.5 IN. 
VANE DIA. 2 0 IN. / ~ -. . 

~ / 
ULTIMIU'E SHEAR STRENGTH (S) • 5.17 x APPLIED TORQUE (T) (ln.- lbs.l 

I lbs./ sq. ft.) (in.- lbs.) 

FRICTION ON VANE SHAFT UNDISTURBED CONDITION REMOLDED - CONDITION 

Rotation Forc:e Gy~ Rotation 
deorees Reading .· I .) deQrees Force ":as• 1 Reodln bs. 

Rot~J11on de rees 
Force Gagn 
Reodino lbs.l 

-- -- 70 8.9 10 4.9 

-- -- 75 8.9 10 4.9 

-- -- 80 8.9 10 4.9 

-- -- 85 8.9 10 4.9 

READINGS a CALCULATIONS UNDISTURBED REMOLDED 
CONDITION CONDITION 

MAXIMUM FORCE GAGE READINGS for VANE ( lbs. l 8.9 4.9 
MAXIMUM . FORCE· GAGE READINGS for SHAFT (I bs.l -- --
NET FORCE (lbs.l 8.9 4.9 

APPLIED TORQUE (T)• NET FORCE x TORQUE ARMS (ln.-lbs.l 106.8 58.8 

ULTIMATE SHEAR STRENGTH (S) • 
I 

T Ar 552 304 

SENSIVITY • 
Shear Strength (undlaturbed) 

= 1.8 
Shear Strength (remolded) 

NATURAL WATER HALF- UNCONFINED COMPREHENSIVE. 
CONTENT .,.. STRENGTH lbs. I sq. fl . 

TECHNICIAN A. August~ni ak CHECKED BY ~. Grjffj D 

COMMENTS Increased by 10% to 607 osf based on Bierrum's Correction Factor. 

~ 

FIGURE NO. 5 





NEYER'-TISEO 8! HINDO, LTD. "' 

PROJECT NO.: l:Hl612 ow PROJECT NAME: All~n Park Cla~ Mine 
LOCATION: Allen Park, Michigan DATE: 1/14/89 

FIELD VANE SHEAR TES.T REPORT 

TEST NO. VS-3 ELEV. TOP OF HOLE :i~~-Z 

BORING HOLE 1\10. TB-3 DEPTH TO TEST POINT 40.0' 

LINK e. STA. -- .ELEV. OF TEST POINT 554.7 
OFFSET -- (Tip of Vane l 

. 

VANE DATA 

TORQUE ARM LGTH. lc IN. 

VANE LGTH. 3.5 IN. 
VANE DIA. 2.0 IN. / ~ ·- . 

"" / 
ULTIM~E SHEAR STRENGTH (S l • 5.17 x APPLIED TORQUE (T) (ln.- lbs.l 

! lba. I sq. ft. l (ln.- lbs.) 

FRICTION ON VANE SHAFT UNDISTURBED CONDITION REMOLDED · CONDITION 

Rotation Forc:e Gy~ Rot~~~on 
de<lre&S ReadinQ . I .) de rees 

Force GOSe 
Re<ldlncf bs.l 

Rot~J11on de rHs 
Force Gagf. · 
Reading lbs.l 

-- -- 30 9.0 30 5.5 

-- -- 35 9.1 35 6.0 

-- -- 40 9.1 40 6.0 

-- -- 45 9.1 45 5.9 

READINGS e. CALCULATIONS '"'~DISTURBED . 
CONDITION 

REMOLDED 
CONDITION 

MAXIMUM FORCE GAGE READINGS for VANE ( lbs. ) 9.1 6.0 • 
MAXIMUM -FORCE GAGE READINGS for SHAFT (lbs.) -- --

NET FORCE (lbs.) q 1 li 0 

APPLIED TORQUE (T)• NET FORCE 1t TORQUE ARMS (ln.-lbs.) 109.2 72 

ULTIMATE SHEAR STRENGTH (Sl• 
I 

T Ar 565 374 

SENSIVITY • 
Shear Strenc;~th (undisturbed) 

= 1. 51 
Shear StrenQth (remolded l ' 

NATURAL WATER HALF- UNCONFINED COMPREHENSIVE. 
CONTENT •t. STRENGTH lbs./ sq. fl. 

TECHNICIAN A. Augustyniak CHECKED BY C. Griffin 

COMMENTS Increase shear strength bX 5% to 593 QSf based on Bjerrum' s Correction 
Factor. 

/ FIGURE NO. 6 





Nt. Tt.l"l, TISEO a HINOO, LTD. 
PROJECT N0.~12 OW PROJECT NAME: Allen Park C lav Mine 
LOCATION: Allen Park, Michigan QATE: 1/14/89 

FIELD VANE ~HFA~ TEST :PORT 

TEST NO. VS-4 ELEV. TOP OF HOLE ::m.7 
BORING HOLE NO. TB-3 DEPTH TO TEST POINT 50.0' 

LINK a STA. -- .ELEV. OF TEST POINT 544.7 

OFFSET -- (Tip of Vanel 

_VA N E: !)AT~ 

TOROllF ARM LGTH. l~ IN. 

VANE LGTH. 3.5 IN. 
VANE DIA. 2.0 IN. / ~ -. 0 

""' / 
ULTIW..'U'E SHEAR STRENGTH (S) s 5.17 x APPLIED TORQUE m ( ln.- lbs.) 

I lbs./ sq. ft. l (in. - lbs.l 

I FRICTION ON VANE SHAFT UNDISTURBED CONDITION REMOLDED CONDITION 

I 

R3!~!1on Force G~R: Rototlon Force GC!fi• Rotation Force Gagn 
rees ReodinQ . I .l deQrees ReadlnQ bs.l deQrees Readino lbs.l 

-- -- 85 12.9 45 7.8 

-- -- 90 12.9 ~n A 0 

-- -- 95 13.0 55 8.0 

-- -- 100 13.0 60 7.9 

READINGS a CALCULATIONS ~NDISTURBED . REMOLDED 
CONDITION CONDITION 

MAXIMUM FORCE GAGE READINGS for VANE ( lbs. l 13.0 8.0 

MAXIMUM FORCE ·GAGE READINGS for SHAFT (I bs.) -- --
NET FORCE ( lbs.) 13.0 8.0 

APPLIED TORQUE (T) • NET FORCE x TORQUE ARMS (ln.-lbs.) 156 96 

ULTIMATE SHEAR STRENGTH (S) = 
I 

T Ar 806 496 

SENSIVITY • 
Sheor Strength (undisturbed l 1.6 = 

' Shear Strenoth (remolded). 

NATURAL WATER HALF- UNCONFINED COMPREHENSIVE. 
CONTENT "'e STRENGTH lbs. I sq. fl. 

TECHNICIAN A. Augustyniak CHECKED BY C. Griffin I 
! 

COMMENTS Increased by 5% to 846 ESf based on Bjerrum's Correction Factor. 

. 

- FIGURE NO. 7 





NEYER TISEO 8 HINDO LTD. 
PROJECT NO.: 6Bfil2 Ql'J PROJECT NAME: 8lleo ~gr~ ~]g~ ~joe 
LOCATION: Allen Park, Michigan DATE: 106L89 

FIELD VANE SHEAR TEST REPORT 

TEST NO. VS-5 ELEV. TOP OF HOLE 594.7 

BORING HOLE NO. TB-3 DEPTH TO TEST POINT 60.0' 

LINK e. STA. -- ELEV. OF TEST POINT 534.7 

OFFSET -- {Tip of Vane l 

VANE DATA 

TORQUE ARM LGTH. 12 IN. 

VANE LGTH. 3.5 IN. 
VANE DIA. 2.0 IN. / ~ . 

~ / 
ULTIMIU'E SHEAR STRENGTH {S) • 5.17 x APPLIED TORQUE {T) (ln.- lbs.l 

llbs. I sq. ft. l (in.- lbs.) 

FRICTION ON VANE SHAFT UNDISTURBED CONDITION REMOLDED · CONDITION 

R3!~~1on Force GYR: Rot~~~n Force n:llfl• l Rotation Force Gag?! 
rees Readino .· I .l de ees Readin bs. dearees Reodino lbs.l 

-- -- 55 13.7 40 7.7 

-- -- 60 13.9 45 9.0 

-- -- 65 13.9 50 9.0 

-- -- 70 13.9 55 9.0 

READINGS e. CALCULATIONS UNDISTURBED . REMOLDED 
CONDITION CONDITION 

MAXIMUM FORCE GAGE READINGS for VANE ( lbs. l 13.9 9.0 

MAXIMUM . FORCE ·GAGE READINGS for SHAFT (lbs.) -- --
NET FORCE (lbs.) 13.9 9.0 

APPLIED TORQUE {T) • NET FORCE x TORQUE ARMS (ln.-lbs.) 166.8 108 

ULTIMATE SHEAR STRENGTH {S) • 
I 

T Ar 862 558 

SENSIVITY • 
Shear Strength (undisturbed I 

1.5 : 
' Shear Strenath (remolded I I 

NATURAL WATER HALF- UNCONFINED COMPREHENSIVE. 
CONTENT "'e STRENGTH lbs. I sq. ft. 

TECHNICIAN A. Augustyniak CHECKED BY C. Griffin 

COMMEN~----~In~c~r~ea~s~e~d~b~v_5~%~to~9~0~5~o~s~f~b~a~se~d~on~B~.ie~r~r~um~'2s~C~o~r~r~ec~t~i~on~F~ac~t~o~r~.---

FIGURE NO. 8 





NEYER TISEO a HINOO, LTD. 
PROJECT NO.: 8~612 ow PROJECT NAME: A]l~n Eat~ ~la~ Mjne 
I...OCATION: Allen Park, Michigan DATE: 106C:89 

FIELD VANE SHEAR TEST REPORT 

TEST NO. VS-6 ELEV. TOP Of' HOLE 5~!!. z 
BORING HOLE NO. TB-3 DEPTH TO TEST POINT 70.0' 
liNK e. STA. -- ELEV. OF TEST POINT 524.7 
OFFSET -- (Tip of Vane! 

VANE DATA 

TORQUE ARM LGTH. 12 IN. 

VANE LGTH. J.2 IN. 
VANE DIA. 2,0 IN. / ~ 

~- 0 

~ / 
ULTIMME SHEAR STRENGTH (S) • 5.17 x APPLIED TORQUE (T) ( ln.- lbs. I 

llba. I sq. ft.) (in. - lbs.) 

FRICTION ON VANE SHAFT UNDISTURBED CONDITION REMOLDED · CONDITION 

Rotation Force G~ll: Rotation Force Gag• 
1 

Rotation Force Gagr. 
dear..s Readina . I .l dearees Readlna ba. dearHs Readina lbs.l 

-- -- 40 14.5 30 7.3 

-- -- 45 14.9 35 8.1 

-- -- 50 14.9 40 7.9 

-- -- 55 14.8 45 7.8 

READINGS e. CALCULATIONS UNDISTURBED . REMOLDED 
CONDITION CONDITION 

MAXIMUM FORCE GAGE READINGS for VANE ( lbs. l 14.9 8.1 
MAXIMUM .fORCE ·GAGE READINGS for SHAFT (lbs.l -- --
NET FORCE ( lbs.) 14.9 8.1 
APPLIED TORQUE (Tl• NET FORCE 11 TORQUE ARMS lln.·lbs.) 178.8 97.2 

ULTIMATE SHEAR STRENGTH (S) = 
I 

T Ar 924 503 

SENSIVITY • 
Shear StrenQth (undisturbed l • 1.84 
Shear Strenath (remolded). 

NATURAL WATER HALF- UNCONFINED COMPREHENSIVE. 
CONTENT "'e STRENGTH lbs. I sq. ft. 

TECHNICIAN A. Ausust~niak CHECKED BY C. Griffin 

COMMENTS ____ ~No~i~nc~r~e~as~e~ne~e~d~ed~o~e~r~B~j~er~r~u~m~·s~Co~r~r£ec~t~i~o~n~F~a~ct~o~r~·-------------

FIGURE NO. 9 





' 

NI:.Tt.t!, TISEO a HINDO, LTD. 
PROJECT NO.• tstStlZ UW PROJECT NAME • All<"n Park ClaY Mine 
LOCATION• Allen Park 2 Michigan QATE: I7In!RQ 

FIELD VANE SHEAR It.:) I ~ 

TEST NO. VS-7 ELE~ TOP OF HOLE 594.7 
BORING HOLE NO. TB-3 DEPTH TO TEST POINT 80.0' 
LINK e. STA. -- ELEV. OF TEST POINT 514.7 

.OFFSET -- (Tip of Van•l 

VANE DATA 

TORQUE ARM LGTH. u IN. 

VANE lGTH. 3.5 IN. 
VANE DIA. 2.0 IN. / ~ 

> . 

~ 7 
ULTIMtcr'E SHEAR STRENGTH IS l • 5.17 x APPLIED TORQUE ITI I ln.- lbs. l 

llba./ sq. ft. l (ln.- lbs.) 

FRICTION ON VANE SHAFT UNDISTURBED CONDITION REMOLDED · CONDITION 

R3!~!1on Fore• G~~J: Rotation 
rHS Readino . 1 .) di!QrMS Force n:O.S• Readin bll.l 

Rot~J11on d11 rees 
Force Gagn 
R11adino· lbs.) 

-- -- 25 19.2 45 11.0 

-- -- 30 20.0 50 11.0 

-- -- 35 19.2 55 11.2 

-- -- 40 19.2 60 11.2 

READINGS e. CAlCUlATIONS UNDISTURBED . REMOLDED 
CONDITION CONDITION 

MAXIMUM FORCE GAGE READINGS for VANE ( lbs. l 20.0 11.2 

MAXIMUM FORCE ·GAGE READINGS for SHAFT (I bs .) -- --
NET FORCE (lbs.) 20.0 11.2 
APPLIED TORQUE (T)• NET FORCE x TORQUE ARMS (ln.-lbs.l 240.0 134.4 

ULTIMATE SHEAR STRENGTH (S) = 
I 

T Ar 1241 695 

SENSIVITY • 
Sh11ar Strenoth (undlsturblld) 

: 1.8 
She Of StrllnQth (r•molded l 

NATURAL WATER HALF-UNCONFINED COMPREHENSIVE. 
CONTENT o/e STRENGTH lbs. I sq. fl. 

TECHNICIAN A. Augustyniak CHECKED BY C. Griffin 

COMMENTS No increase needed eer Bjerrum's Correction Factor. 

~ FIGURE NO. 10 





' 

NEYER, TISEO 8 HINOO, LTD. 
PROJECT NO.: 886]2 ow PROJECT NAME • A]len P2rk Cla~ Mine 
LOCATION: Allen Park 1 Michigan DATE: 107 [89 

FIELD VANE SHEAR TEST REPORT 

TEST NO. VS-1 ELEV. TOP OF HOlE 594.0 
BORING HOLE NO. TB-4 DEPTH TO TEST POINT 25.0' 

LINK S. STA. -- ElEV. OF TEST POINT 569.0 

OFFSET -- (Tip of Vanel 

VANE DATA 

TORQUE ARM L.GTH. 12 IN. 

VANE LGTH. 4.5 IN. 
VANE DIA. 2 5 IN. / ~ 

,, . 

~ / 
ULTIMATE SHEAR STRENGTH (S l • 2.59 x APPLIED TORQUE (T) (ln.- lbs. l 

{lba. I sq. ft. ) (in.- lbs.) 

FRICTION ON VANE SHAFT UNDISTURBED CONDITION REMOlDED CONDITION 

Rotation Foree G~li: Rot~~~n deareea Readina . 1 .) de ees 
Foree GOfie 
Readlna be.l 

Rotation Foree Ga9/l 
dearees ReadinG· lbs.) 

-- -- 15 22.5 5 8.0 

-- -- 20 22.0 10 8.0 

-- -- 25 21.2 15 8.0 

-- -- 30 19.2 20 8.0 

READINGS e. CALCULATIONS UNDISTURBED. REMOLDED 
CONDITION CONDITION 

MAXIMUM FORCE GAGE READINGS for VANE ( lbs. l 22.5 8.0 
MAXIMUM FORCE ·GAGE READINGS for SHAFT ( I bs.) -- --

NET FORCE ( lbs.) 22.5 8.0 
APPLIED TORQUE (T)• NET FORCE x TORQUE ARMS (ln.-lbs.) 270 96.0 

ULTIMATE SHEAR STRENGTH (S) • 
I 

T Ar 699 249 

SENSIVITY • 
Shear Stren<rth (undilturbed) 

• 2.8 
Shear Strenoth (remolded) 

NATURAL WATER HALF- UNCONFINED COMPREHENSIVE. 
CONTENT "!. STRENGTH lbs. I sq. ft. 

TECHNICIAN A. August1:ni ak CHECKED BY C. Griffin 

I 
' 

COMMENTS Increased by 10% to 769 psf based on Bjerrum Correction Factor. I 
: 

I 

FIGURE NO. 11 





NEYER, TISEO 8i HINDO, LTD. 
PfiD.JECT NO.• 66fiJ2 Qkl PROJECT NAME : All en Park Claz: Mine 
LOCATION: Allen Park, Michigan DATE: 1/17/89 

FIELD VANE SHEAR TEST REPORT 

TEST NO. VS-2 ELEV. TOP OF HOLE 594.0 
BORING HOLE NO. TB-4 DEPTH TO TEST POINT 35.0' 
LINK e. STA. -- ELEV. OF TEST POINT 559.0 
.OFFSET -- (Tip of Vane) 

VANE DATA 

TORQUE ARM LGTH. 12 IN. 

VANE LGTH. 4.5 IN. 
VANE DIA. 2.5 IN. / ~ ·- . 

~ / 
ULTIMATE SHEAR STRENGTH (S l • 2.59 x APPLIED TORQUE (T) I ln.- lbs. l 

{ lbs. I sq. ft.) (in.- lbs.) 

FRICTION ON VANE SHAFT UNDISTURBED CONDITION REMOLDED · CONDITION 

R3!~!1on Fore'na GYH: 1 
Rot~Mon Force GDf!~ Rotation Force Gogn . 

rns Reodm I . de fHS Reodlna bs.l deQrHs ReadinG lbs.l 

-- -- 10 18 15 10 

-- -- 15 20 20 10 

-- -- 20 20 25 10 

-- -- 25 20 30 10 

READINGS a CALCULATIONS UNDISTURBED . REMOLDED 
CONDITION CONDITION 

MAXIMUM FORCE GAGE READINGS for VANE (lbs.l 20 10 
MAXIMUM -FORCE ·GAGE READINGS for SHAFT I I bs. I -- --
NET FORCE ( lbs.) 20 10 
APPLIED TORQUE (T) • NET FORCE x TORQUE ARMS (ln.-lbs. 240 120 
ULTIMATE SHEAR STRENGTH (S) • 

I 
T Ar 622 311 

SENSIVITY • 
Shear Strength (undisturbed ) 

? n = I 
Shear Strenoth (remolded l 

I 
NATURAL WATER HALF- UNCONFINED COMPREHENSIVE. 

I CONTENT "te STRENGTH lbs./ sq. ft. 

TECHNICIAN A. Augustyniak CHECKED BY C. Griffin 

COMMENTS Increased b~ 7% to 666 psf based on Bjerrum's Correction Factor. 

FIGURE NO. 12 





NEYER, TISEO a HINOO, LTD. 
PROJECT NO.: 88fil2 0111 PROJECT NAME I 8ll~D ~gc~ ~]a~ Min~ 
LOCATION: Allen Park, Michigan OATE: 107 i89 

FIELD VANE SHEAR TEST REPORT 

TEST NO. VS-3 ELE~ TOP OF HOlE 594.0 
BORING HOlE NO. TB-4 DEPTH TO TEST POINT 45.0' 

liNK S STA. -- ElEV. OF TEST POINT 549.0 
.OFFSET -- (Tip of Vane l 

VANE DATA 

TORQUE ARM LGTH. 12 IN. 

VANE lGTH. 4.5 IN. 
VANE DIA. 2 5 IN. / ~ .. . 

~ / 
UlTIMATE SHEAR STRENGTH (S l • 2.59 x APPLIED TORQUE (T) (ln.- lbs.) 

Ubs. I sq. ft. l (ln.- lbs.) 

FRICTION ON VANE SHAFT UNDISTURBED CONDITION REMOLDED · CONDITION 

R3!~~1on rees Force G~11: Readina I .l Rot~~~n de ees Force GOfi• l Rotation 
Readlna bs. deQrees 

Force Gagn 
ReodinQ lbs.) 

-- -- 20 23 20 8.9 

-- -- 25 22.5 25 9.0 

-- -- 10 ?1 R 10 q o 

-- -- 35 21.8 35 9.0 

READINGS a CALCUlATIONS ~NOISTURBED . REMOLDED 
CONDITION CONDITION 

MAXIMUM FORCE GAGE READINGS for VANE ( lbs.) 23.0 9.0 

MAXIMUM . FORCE GAGE READINGS for SHAFT (lbs.) -- --
NET FORCE ( lbs.l 23.0 9.0 

APPLIED TORQUE (T) • NET FORCE x TORQUE ARMS (ln.-lbs. 276 108 

ULTIMATE SHEAR STRENGTH (SI• 
I 

T Ar 715 280 

SENSIVITY • 
Shear Strength (undlaturbed l 

? 6 = 
Shear Strenath (remold~ l 

NATURAL WATER HALF- UNCONFINED COMPREHENSIVE. 
CONTENT -t. STRENGTH lbs./ sq. fl. 

TECHNICIAN A. Ausustyniak CHECKED BY C. Griffin 

COMMENTS Increased by 5% to 750 psf based on Bjerrum' s Correction Factor. 

~ 

FIGURE NO. 13 





NEYER, TISEO a HINOO, LTD. 
PROJECT NO.: BBfilZ Ql'l PROJECT NAME I 8lleo ~at:~ CJ a~ f:.1j ce 
LOCATION: Allen Park, Michigan DATE: IU8i89 

FIELD VANE SHEAR TEST REPORT 

TEST NO. VS-4 ELEV. TOP OF HOLE 594.0 

BORING HOLE NO. TB-4 DEPTH TO TEST POINT 55.0 

LINK a STA. -- ELEV. OF TEST POINT 539.0 

.OFFSET -- (Tip of Vane) 
. 

VANE DATA 

TORQUE ARM L.GTH. U IN. 

VANE LGTH. ~ 5 IN. 
VANE DIA. 2.5 IN. / "" ., . 

"' / 
ULTIMME SHEAR STRENGTH (S) • 2.59 x APPLIED TORQUE (T) ( ln.- lbs. l 

( lbs./ sq. ft.) (in.-lbs.l 

FRICTION ON VANE SHAFT UNDISTURBED CONDITION REMOLDED · CONDITION 

R3!~tlon Fo rc:e GYR: Rotation 
tar ellS Readina . I .l degrees 

Force GDfle 
Readlnq bs.l 

Rot~.ton 
de fHB 

Force Ga11n . 
Readinil lbs.l 

. 

-- -- 10 14.1 10 6.2 

-- -- l'i lR n 
1 " F. " 

-- -- 20 18.0 20 6.2 

-- -- 25 17.0 25 6.0 

READINGS a CALCULATIONS UNDISTURBED . REMOLDED 
CONDITION CONDITION 

MAXIMUM FORCE GAGE READINGS for VANE ( lbs. l 18.0 6.5 

MAXIMUM FORCE ·GAGE READINGS for SHAFT (I bs.) -- --
NET FORCE ( lbs.) 18.0 6.5 
APPLIED TORQUE (Tl• NET FORCE x TORQUE ARMS (ln.-lbs.) 216.0 78.0 

ULTIMATE SHEAR STRENGTH (S)• 
I 

T Ar 559 202 

SENSIVITY • 
Shear Strength (undisturbed ) 

: 2.8 
Shear Strenoth (remolded I 

NATURAL WATER HALF- UNCONFINED COMPREHENSIVE. 
CONTENT o/e STRENGTH lbs. I sq. ft. 

TECHNICIAN A. Ausustl:niak CHECKED BY C. Griffin 

COMMENTS In~reas~g g~ 5% to 587 ~sf based oo ~ierruw's Correctioo Eactor 

- FIGURE NO. 14 





NEYER, TISEO a HINDO, LTD. 
PROJECT NO.: 88612 OW PROJECT NAME• Allen Park Clay ~line 
LOCATION: A 11 en Park , Mi chi qa n DATE ,..____,1'-'-/..::.18::..:1...::8.:.9 _____ _ 

TEST NO. 
BORING HOLE NO. 

LINK 8 STA. 
OFFSET 

FIELD VANE SHEAR TEST REPORT 

__ ..!.:VS~-~5 _____ ELEV. TOP OF HOLE 

~-..:..:TB::..-....:.4 _____ DEPTH TO TEST POINT 

-------- ELEV. OF TEST POINT 
( Tip of Vane l 

VANE DATA 

TORQUE ARM L.GTH. IN. 

VANE LGTH. 4 · 5 IN. 
VANE DIA. 2. 5 IN. 

594.0 
65.0' 

529.0 

ULTIMME SHEAR STRENGTH (S I • 
I lbs. I sq. ft. l 

2. 59 x APPLIED TORQUE ( Tl I ln.- lbs. l 
(in.- lbs.) 

FRICTION ON VANE SHAFT UNDISTURBED CONDITION REMOLDED · CONDITION 

R:!~:lon Fo rc:e GYII: Rotation 
rees Readina . I .) dear-

Force Gaa• 
1 ReadinG be. 

Rotation 
deQrHI 

Force Ga9{1 
ReadinG lbs.) 

-- -- 5 5 10 7.0 

-- -- 10 7.0 15 7.5 

-- -- 15 7.0 20 7.0 

-- -- 20 7.0 25 7.0 

READINGS a CALCULATIONS UNDISTURBED . REMOLDED 
CONDITION CONDITION 

MAXIMUM FORCE GAGE READINGS for VANE ( lbs.) 7.0 7.5 
MAXIMUM FORCE ·GAGE READINGS for SHAFT (lbs.l -- --
NET FORCE ( lbs.) 7.0 7.5 
APPLIED TORQUE (T)• NET FORCE x TORQUE ARMS (ln.-lbs. R4 
ULTIMATE SHEAR STRENGTH (S! • 

I 
T Ar 218* 233* 

SENSIVITY • 
Shear Strength· ( undllturbed I • 0.93 
Shear Strenoth (remolded l 

NATURAL WATER HALF- UNCONFINED COMPREHENSIVE. 
CONTENT % STRENGTH lbs. I sq. ft. 

TECHNICIAN A. Augustyniak CHECKED BY C. Griffin 

COMMENTS ___ *_c_a_s,_·n_g_m_a_y_h_a_v_e_s_l_i_PP_e_d_d_u_r_in_g __ te_s_t_. ______________________ _ 

FIGURE NO. 15 





NEYER TISEO a HINOO LTD. 
PROJECT NO.: 88612 ow PROJECT NAME• Allen Park Clay Mine 
LOCATION: Allen Park. Michigan DATE: 1/18/89 

TEST NO. 
BORING HOLE NO. 

LINK 8 STA. 
.OFFSET 

VS-6 
TB-4 

TORQUE ARM L.GTH. 2 IN. 

VANE LGTH. 4. 5 IN. 
VANE DIA. 2. 5 IN. 

ELEV. TOP OF HOLE 
DEPTH TO TEST POINT 
ELEV. OF TEST POINT 

( Tip of Vane l 

VANE DATA 

594.0 
75.0' 

519.0 

ULTIMME SHEAR STRENGTH (S) • 
!lba. I sq. ft. l 

2. 59 x APPLIED TORQUE (T) (ln.- lbs.l 
(ln. - lbs.l 

FRICTION ON VANE SHAFT UNDISTURBED CONDITION REMOLDED · CONDITION 

R:!~:lon rees Forc:e GYII: Readina I .l Rot~:!.~" de- ~cd1n;Oflg._J Rot:!:
1
1on 

de '"' 
Force Ga9/l 
Readlna · lbe.l 

-- -- 10 15 15 19.0 

-- -- 15 17.5 20 19.5 

-- -- 20 18 25 19.0 

30 18.5 

READINGS 8 CALCULATIONS ~!"'DISTURBED 
CONDITION 

REMOLDED 
~ON DITtON 

MAXIMUM FORCE GAGE READINGS for VANE ( lbs. l 18 19.5 
MAXIr.tuM .FORCE GAGE READINGS for SHAFT (lbs.l -- --
NET FORCE ( lbs.) 18 19.5 

APPLIED TORQUE (T)• NET FORCE 11 TORQUE ARMS (ln.-lbs. 216 234 

ULTIMATE SHEAR STRENGTH (Sl • 
I 

T Ar 559 606 

SENSIVITY • 
Shear StrtnQth ( undl sturbed I 0.92 2 

She or Strenoth (remolded l 
NATURAL WATER HALF-UNCONFINED COMPREHENSIVE. 

CONTENT % STRENGTH lbs. I sq. ft. 

TECHNICIAN 8. August:z:niak CHECKED BY C. Griffin 

COMMENTS During undisturbed test casing started turning. Test ended. 
During remolding pipe wrench was secured to prevent casing from moving. 

FIGURE NO. 16 





~ c 

NEYER, TISEO 8 HINDO LTD. 
PROJECT NO.: ~~~1, QW PROJECT NAME: Allen Park Cla~ Mine 

' 

LOCATION: Allen Park, Michigan DATE: l L l9 L89 

FIELD VANE SHEAR TEST REPORT 

TEST NO. VS-1 ELEV. TOP OF HOLE 563.2 
BORING HOLE NO. TB-5 DEPTH TO TEST POINT 15.0 
LINK S. STA. -- ELEV. OF TEST POINT 548.20 
_OFFSET -- (Tip of Vane) 

VANE DATA 

TORQUE ARM LGTH. 12 IN. -

VANE LGTH. ~.5 IN. 
VANE DIA. 2.Q IN. / ~ . . 

~ / 
ULTIMtU'E SHEAR STRENGTH IS I • ~ JZ x APPLIED TORQUE (T) I ln.- lbs. l 

llbs./ sq. ft.) (in. - lbs.) 

FRICTION ON VANE SHAFT UNDISTURBED CONDITION REMOLDED · CONDITION 

R3!~~1on Force G~~ Rotation Force Gas• Rotation Force Gagn 
rees Readina .· I .l dearees Readlna bs.l dearHs Readina lbs.) 

-- -- 20 3.2 10 1.8 

-- -- 25 3.2 15 2.0 

-- -- 30 3.2 20 2.0 

-- -- 35 3.2 25 2.0 

READINGS a CALCULATIONS UNDISTURBED . REMOLDED 
CONDITION CONDITION 

MAXIMUM FORCE GAGE READINGS for VANE ( lbs. l 3.2 2.0 
MAXIMUM . FORCE GAGE READINGS for SHAFT (I bs. I -- --

NET FORCE (lbs.l 3.2 2.0 
APPLIED TORQUE (T) • NET FORCE x TORQUE ARMS lln.-lbs.) 38.4 24.0 

ULTIMATE SHEAR STRENGTH (S) = 
I 

T Ar 198 124 

SENSIVITY • 
Shear Strength (undllturbed) 

= 1.6 
Shear StrenGth (remolded l 

NATURAL WATER HALF- UNCONFINED COMPREHENSIVE. 
CONTENT "1. STRENGTH lbs. I sq. ft. 

TECHNICIAN A. August~ni ak CHECKED BY C. Grjffin 

COMMENTS *Low test result indicates dial gauge rna~ have malfunctioned. 

FIGURE NO. 17 





NEYER, TISEO 8 HINOO, LTD. 
PROJECT NO.: l.l8fil2 ow PROJECT NAME: Allen ParK Clal Mine 
LOCATION: All en Park, Michigan DATE: 109L89 

FIELD VANE SHEAR TEST REPORT 

TEST NO. VS-2 ELEV. TOP OF HOLE 563.2 
BORING HOLE NO. TB-5 DEPTH TO TEST POINT 25.Q 
LINK a STA. -- ELEV. OF TEST POINT 538.2 
.OFFSET -- (Tip of Vane l 

VANE DATA 

TORQUE ARM LGTH. 12 IN. 

VANE LGTH. 3.5 IN. 
VANE DIA. 2.0 IN. / "" ·- . 

~ / 
ULTIMJU'E SHEAR STRENGTH (S I • 5 JZ x APPLIED TORQUE m ( ln.- lbs. l 

{lbs. I sq. ft. l (in.-lbs.) 

FRICTION ON VANE SHAFT UNDISTURBED CONDITION REMOLDED · CONDITION 

R3!~!1on Fo rc:e GYfl: Rotation Force n~<lfle 1 
Rotation Force Gagn 

rees Reading .· I .) degrees Readln bs. degrees Readinij lbs.l 

-- -- 10 5.0 5 1.0 

-- -- 15 5.5 10 1.0 

-- -- 20 5.0 15 1.0 

-- -- 25 5.0 20 1.0 

READINGS a CALCULATIONS UNDISTURBED. REMOLDED 
CONDITION CONDITION 

MAXIMUM FORCE GAGE READINGS for VANE ( lbs. l 5.5 1.0 
MAXIMUM .fORCE ·GAGE READINGS for SHAFT (I bs.) -- --
NET FORCE ( lbs.) 5.5 1.0 
APPLIED TORQUE (T) • NET FORCE x TORQUE ARMS (ln.-lbs.l 66.0 12.0 
ULTIMATE SHEAR STRENGTH (Sl = 

I 
T Ar 341 * 62.1 

SENSIVITY • 
Shear Strength (undlaturbed) 5.5 = 
Shear Strength (remolded) 

NATURAL WATER HALF- UNCONFINED COMPREHENSIVE. 
CONTENT "· STRENGTH lbs. I sq. fl. 

I 
TECHNICIAN A. Augustyniak CHECKED BY C. Griffin I 

i 

! 

COMMENTS *Low test result indicates dial 2auQe may have malfunctioned. 

I 

FIGURE NO. 18 





c -
NEYER, TISEO a HINDO, LTD. 

1 PROJECT NO.: ~~612 ow PROJECT NAME: A 11 en Park Cla~ Mine 
LOCATION: A 11 en Park, Michigan DATE: 1/20/89 

• 

FIELD VANE SHEAR TEST REPORT 

TEST NO. VS-3 ELEV. TOP OF HOLE 2fi~., 

! 
BORING HOLE NO. IIHi DEPTH TO TEST POINT ~~ (\ 

LINK a STA. -- ELEV. OF TEST POINT 528.2 
.OFFSET -- (Tip of Vane! 

. 

VANE DATA 

TORQUE ARM LGTH. 12 IN. 

VANE LGTH. 3.5 IN. 
VANE DIA. 2.0 IN. / "" . . 

""' / 
ULTIMME SHEAR STRENGTH IS l • 5 JZ x APPLIED TORQUE (T) ! ln.- lbs. l 

llbs./ sq. ft.l (in. - lbs.) 
' 

I FRICTION ON VANE SHAFT UNDISTURBED CONDITION REMOLDED · CONDITION 

Rotation Force G~R: Rotation Force Gas• Rot:!:J
1
ion Force Gagn 

dearees Reading .· 1 .) dearees Reading- bs.l de rees Readino lbs.l 

-- -- 20 3.0 35 3.0 

-- -- 25 3.0 40 3.0 

-- -- 30 3.0 45 3.0 

-- -- 35 3.0 50 3.0 

READINGS a CALCULATIONS ~!'4DISTURBED . REMOLDED 
CONDITION CONDITION 

MAXIMUM FORCE GAGE READINGS for VANE I lbs. ) 3.0 3.0 

MAXIMUM . FORCE · GAGE READINGS for SHAFT (lbs.) -- --
NET FORCE ( lbs.) 3.0 3.0 

APPLIED TORQUE (T)• NET FORCE x TORQUE ARMS (ln.-lbs.) :16 :16 

ULTIMATE SHEAR STRENGTH (S) • 
I 

T Ar 186 * 186 

SENSIVITY • 
Shear Strength (undleturbed l • 1.0 
Shear Strenath (remolded). I 

' 
NATURAL WATER HALF-UNCONFINED COMPREHENSIVE. 

! 
• 

CONTENT "!. STRENGTH lbs. I sq. ft. 

TECHNICIAN A. Augustyniak CHECKED BY C. Griffin 

COMMENTS *Low test result indicates dial gauge rna~ have malfunctioned. 

/ FIGURE NO. 19 





NEYER, TISEO a HINOO, LTD. 

PROJECT NO.: tstsblZ UW PROJECT NAME • Allen Park Clay Mlne 
LOCATION: Allen Park, Michi9an OATE: 1/20/89 

FIELD VANE SHEAR TEST REPORT 

TEST NO. VS-4 ELEV. TOP OF HOLE 563.2 
BORING HOLE NO. TB-5 DEPTH TO TEST POINT ~2.Q' 

liNK a STA. -- .ELEV. OF TEST POINT 518.20 

OFFSET -- (Tip of Vane) 

VANE DATA 

TORQUE ARM LGTH. IZ IN. 

VANE LGTH. 3.5 IN. 
VANE DIA. 2 0 IN. / ~ .. . 

""' / 
ULTIMME SHEAR STRENGTH IS l • 5.17 x APPLIED TORQUE (T) I ln.- lbs.) 

( lbs. I sq. ft.) (in.- lbs.) 

FRICTION ON VANE SHAFT UNDISTURBED CONDITION REMOLDED · CONDITION 

R3!~~1an Foree GYfl:: Ro t~~~on Force ~:Of!• ) Rot~J1ion Force Gagn • 

rHS Readina I .) de rees Readln bs. de rees Readino lbs.l 

-- -- 20 7.0 10 2.0 

-- -- 25 7.5 20 2.0 

-- -- 30 7.5 25 2.0 

-- -- 35 7.0 30 2.0 

READINGS a CALCULATIONS UNDISTURBED . REMOLDED 
CONDITION CONDITION 

MAXIMUM FORCE GAGE READINGS for VANE ( lbs.) 7.5 2.0 

MAXIMUM ·FORCE ·GAGE READINGS for SHAFT (I bs .) -- --
NET FORCE ( lbs.) 7.5 2.0 
APPLIED TORQUE (T)• NET FORCE K TORQUE ARMS (ln.- ibs.) 90 24 

ULTIMATE SHEAR STRENGTH (S) = 
I 

T Ar 465 124 

SENSIVITY • 
Shear Strenoth (undisturbed I 3.7 = 
Shear Strenoth (remolded) 

NATURAL WATER HALF- UNCONFINED COMPREHENSIVE. 
CONTENT "1. STRENGTH lbs. I sq. ft. 

TECHNICIAN A. Au2ustyniak CHECKED BY 

COMMENTS No increase needed per Bjerrum's Correction Factor. 

I 

- FIGURE NO. 20 
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NEYER. TISEO & HINDO. LTD 

CONSOLI DATION TEST 

LAB SAMPLE # #12 PROJECT No. 88612 AW 
FOR AJlen Park Clay ~1ine 
PROJECT LOCATION AJJen Park Michigan 

BORING~ 4 FIELD SAMPLE# PS-3 SAMPLE ELEV. (TIP) 554.0 

1/32 1 1 6 1.6 t/.4 tk 

.004 
I I ~ I 
I I I 
I I r I ~ ~ I I 
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I I I I ~ " I I I I 
I I I I I" I I I I ~ 
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I ( ......... I --....._ 
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NEYER. TISEO & HINOO. LTD. 

CONsct.-JIJATION TEST 

PACIIECT No. 88612 AW I...A8 SAMI'U: I , I 2 SMUT·--- cu•.-:----
CIATB Z-10·09 F'ON a,nen Park Clay Min& 

PROJIEC'f L.OCATIOH Allen Park Mfchtgan TIUiftO lllllv __ s~G!::----
80111100 I 4 1"11!1..11 SAMI'U: ~ PS-3 SAMI'U: Eu:v. (TIP') 554.0 CHIICKIEO 11v_...:::;CJ::.;:G:._ __ 
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NEYER. TISEO & HINOO. LTO. 

CONSOLI CATION TEST 

I...A8 !SAMI"ut , ___ ..LI...L..---- PII<I.III:CT NO , _ _;Bw;Bw,fi .... J ?'-OUJIIIL--- SKEET 01' ----

F'OIII Allen Park Clay Mine Qt.TIE 2-9-89 

JOIIICLIII!CT LOCATIOOI Allen Park Michigan TISTIEO 11'1'-~S~GI-----

I!IOIIItNGI # Ftii.D SAMI"I.II! ~ PS 55AMPI.II! Euv. (Ttl') ......:SuJ:t..• .Lz_,Q4&CKIO av_.:.;CJ:.::G~---

P c = 1.7 tsf 

I /32 1 'u; I •.4 I o2 I a 4 II 
I I 

"~--. I I ' I 
.004 I rr I 

'""" 
' \ ........ 

I I I I'-. 
.008 I I I ~ \ !"'--.. 

I I I r-.... 
.012 I I I I f'. I I I I 

..... 

.016 I I I I ~ t-.. 
..... 

I I I I ' .020 I I I I ~~ \..._ \ I I 
.024 I I : I \ ....... N I I 

.028 I I : ~\ 1---I I 

.032 I I : 1\" I I I 1\ 

.036 
3 .040 z 

........ .044 .. .. .048 3 z .052 -
I 

1: 
I : : \\ \ " I I I \\ " \ I I I 

I I I \' I I 
I l I \ I 

: I I I \ \ Cc 
I - 0. 10 

1- .056 
z 

.060 Ill 
:I 
Ill .064 
.J 

l I \ I I \ 
I ! I \ I I I 

II I .......: --+.. I 1\ 
1- .068 
1-
Ill .072 
C/1 

: ..... ": 
....... 

r-.... \ 
I I f' ~ I I ~ ..... - 0. 02' 

.076 II I 

' 1\ I " .080 

.084 

.088 

.092 

.096 

.100 

l I I ............ 

""" 
I I 

rl I I ' \ I ' I : ~ "" I 

I 
I r--....... "" I 

I I l ........ ~ I ~'.. 1\ 
I : I I " .104 I I I i\ I 

.108 I I I I I 
II l : 
I I I I I 

lo 1: ! ! 
o. 01 0.1 I, 0 

Pressure ( ts f) 
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-\ 7 ! 590 
' 
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-
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' . • 550 .... 
1-. 

~t.,.\31 ~-o W .. 21 .. C 2'2!1, t1,JZ) 
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..... I ..,_,n r~n 07.0~, Yt • 131 .,W=<ZI1 (~,/lO', 14/ 
540 

), 

- -- iftsp,& ,W• Zl. C ?.>1.15,1'5 7 n•l* lw·zz,c3o,1•.1~ 7 ill 

H•l?l , W= Z2, C ~1 .. 1.8,1? 'J - ---- .J 
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6 
Cft•IZ9 ,w .. z~. c?/.tB.t3 1 -- 530 

lft•IZ"' ,W=23 

~t· t?o '. w· Z4. c o;;z,zt:o.2.1 J ' ' I ' 
- l!t•I~Z .. w .. zz,c ~.17, l7 7 - ~ .. ,.,, .W•74 (3-t,IS,/l97 ~·· 17 

liA=ZID 
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570 

520 

510 

490 

i..OG OF' SuiiSUIH'ACE JO~OF'II..E 
I C'-AIII,Ic.A'ftOIIitS ltY: 
' N£¥£11. TISEO 6 HINOO. ~TO 

Soft to Hedtua Gray SILTY CLAY 
wtth Trace of Sand. 

LS-5 570.& 38.5 94.7 I+ 1.: lrll I 

\ I LS·& 555.8 :I ' 

LS-7 550.6 21.1 107.9 11 ~ 
LS•8 545.5 -- tr I : 

' I ' I 

S-1 530.1 

! ' 

I L5~9 520.8 25. Q 

LS·10 515.5 . 
LS·ll 510.5 21.7 

JJ·!t -505.6 . I 
I. 

LS·13 500.6 31 .5 ! ... 
, - Vll")f Collpact Gray SAIID Alii GRAVEI..:o.ol tL:!S_:;·1~4+!!49!!5.;,!.5~~N!2_0!!!$~-~~-Ig~,J~:~~~~ , .. -;nts:- ~ , 

1. lortnp advance4 ustng 4-tncl'l ' dl-tar solld•Stall augers to 10 
f .. t. and 3•7/1 tncn dt ... tor 
trtcone roller itt wttl'l rectr• 
Cllllttng drt11tn9 flutd to _~~o,ot,~t.o-1111 
of l'lole. 4-tnel'l dt-ter cutng 
.aa driven to 12.5 f .. t. z. Artestan .ator prsuurs .as oi• sene4 efter penetrattng tl'le =:. "::"-.- l~i;,.. l. 2-t;;c11 o:::~er :1r tnstal -·-~• 12/21/M !lanttortn Well No. 1111·1. ,_......, L. Kendall/D. Vensel NIYIR. TI..O It HINDO, I.. TO. ,_......,., J, IJanll C:OidUI.?IIt. Clt.INUIIS -- Aaertcan Drtlltn9 Co. t.OG Oil' T&aT -•100 Nuwap ra • .... QIA LIYIL Ill ...... "" 1111011&&1'0 ---------·-.. ,., 0 -·--··-· •"WTI'T"W •a•T•rc•· --., ..,_ ·-.. .,. ••ve.J.....•,_ o,e, -I' WUIII.Jl..o-, --,lS_ ---·----'Ill -~~------

A~LEH PARK CLAY NIN£ LAI'IDFILL 
FORD MOTOR COI'fAIIY 

ALW PAll, MICHIIIAII 
' ICIPQ .. 06'1'11: 1/11/85 
----~--

' ' 

I 





l..OG 01" 5\.IISUI!I"ACII: "~01"11.11: II 5011. SAMo>I..E OATA 
' C\..Aii&Pic:ATIONS fiV: /lliiAT\,JAA&., 

i 811"'11"11 .. ,.10 ...... I NEVEI'I. TISEO II< HINOO. LTO. SAM Itt.. I I'L.IV. MOII'I'\III 010¥ 
I G•otMIIII SUIIIII!l'ACII I&..&VA?IOIII ......... wean C:ON1'11lf"f' OllirllltT\1' lltiiiSTAJ«:£ 

591.9 , . ...., 10 04a 
<onli'i FILL: Oark 8"""' SILTY/£? ~ i : [l'l '\. SAND wl tit SlaG. s-1 586.9 18.9 . ' 

. Fl LL: Loose to MINI""' CoaPICt i 
581. g I I l I 

LS·l . . I ~~ I I "' \ ~m1 ~tH!x~rNE sA/Io .. m I 
lzl~: I 580 

LS·Z 576.9 33.1 86.8! ! 

I IIi~. LS·l 571.9 . . I z•a 1 
570• [ l . ' ' 

I U1~,· .: 
560' r1 

LS·4 561.9 18.6 111 .61 ' 
I ' c" ' 

LS·S 551.9 . . ': 
I&~ ~ . ; 

I I : 

I i r Soft to Ntdlua Gray SILTY CLAY LS·6 551.9 . . 
sso· 

wltll Trace of Sand. 

• ! : : I LS•7 546.9 . 
' 

, . I 
I...L..:. 

540. 
P$•1 541 Zl .3 108.41 ~'-
LS·8 53&.9 • I i 14 I I I . 

I I : 

530" I 
. I 

LS·9 521.9 22.8 I 102.5 q 

1,_5·1 0_ 521~~ 
I I ', IIJ.t i I • . . I ' 

szo· :!I ~~~ PS•Z 515 Z4.5 103.5 ! 
.'--

••z.,:•~.::!.;~!~ f c!~~! 1 "~ LS·11 511. g 8.3 13&., I .. '-
510' 

I 
. I : ! ' NOTES: 

I 1 f 
1. Bortnga advanced using &-Inch I 

t I . ' dt ... ter solid-s~ augers to 10 I ' I teat, &nd 3•7/1 lncn dl ... ter I I . : L 
trlcone roller bit with ..clr• 

I I I ~ ~ ~ ~ culatlnt drilling fluid to I • • boctoe of nole. 4-lnc~ dl ... tar 
I 

~ ~ I ; 

I casing ... driven to 12.5 feat. I I z. GrounMter Wll encountered at ~ . ' ' 

' 8.2 ,..t during drilling. ' . 
3. Boring backfilled ~ltft c ... nt 

I 
r 

grout to surface. 

, r , 
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COMaUI.TIN. INGINIIIIfS 

ALLEN PARK CLAY NINE ~FILL 
FORO MOTOR C!M'AIIl 
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~.JECT NO. 84185 Ql I· NEYER, TISEO 6 HINDO, LTD. I sHEET I OF 2 
TABULATION OF TEST DATA 

VOLUMETIIIC ATTIUI81tiiG 
A-LY515 PARTICLE SIZIE Dt&TIIIBUTIOH 

UMITII .. ( 
> 

~ ~ 1- - 1-.... II: 1- 1- - ;; .. iii .. ~ ~ ~ 8 1- 1- ~ ~ .. u z z ... .. .. " 8 i iii ... 1- .. .. "' .. - I II: 
~ 

:II " .. z u t: 1- z u ... c. .. - g i - z .. .. II: - / 
.. 

" :II II: )o 1- II: .. u r 1- ~ >< IL II 
.. lA z .. .. 8'5' t! I ,.. a II: .. w - t: • z .. 0 • :II c "' u 1- .. - - .. 0 ... t: 1-I;) :II <II 0 ~ " II: 

u • .. z z .. 0 0 u 
i z .. z lA a!. <II ... " "' z .. "' "' - It II: 1- - .. ;:, 

~ ~ 0 D "' .. .. "' - u u <II z r i_ lA z 
~~ Ill .l; .. ... ... 

.J ... .. .. .. - u • .. 0 Ill <II ...-0 - II: g .. .. z lA - J~ .. i. ~ j: .. ~ ~ u g .. <II -1- z g .. .. J uz uz z ~ ~~ § j z .. .. 0 - - ,. .. .J ooo -.. -w .. 1- .. t i! Ill A 5 - :;) .. !l! -U "'I ...... II: .. :II 
~ ~ ~ j .J )o 1- w i5 II: a"' •• <I .. <I .. ~~ c .. r CJ .. .J j .J z <I ~ ~ .. :sr .. ... Q 0 J 0 

' 
.. 0 -r .. • Ill 1&. z ... -- lA c 0 0 ,. 1 0 " ..J ... .. ~ a.- c 

1 UH 5.0 591Mi - - 12~4 101.4 - - -
1 1'6-1 11.5 578.1 1440 18.0 23.9 105.9 24 14 10 
'I LS-5 25.0 510.6 - - 36.6 84.7 - - -
I PS-2 32.5 563.1 1280 20.0 11.9 116.4 25 14 H 
I LS-7 45.0 550.1 - - 21.1 107.9 - - -
I 1'6-3 60.5 535.1 1160 20.0 21.7 110.3 lO 16 14 
1 LS-9 75.0 520.6 - - 25.9 99.7 - - -
I LS-11 85.0 510.6 - - 21.7 106.2 - - -

i 

1 LS-U 95.0 500.6 - - 31.6 88.5 - - -

2 fH 5.0 586.9 - - 18.9 - - - -
2 LS-2 15.0 576.9 - - 33.1 86.8 - - -
2 Ui-4 30.0 561.9 - - 18.6 111.6 - - -
2 PS-1 50.5 541.4 13110 20.0 I· 21.3 108.4 (See l. ~til:lr Te~ f.'"' R.ult ~~ lO 16 14 

3 Ui-!.1 65.0 526,!.1 - 22,8 102.6 - - -.. 
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! """ Ill ' • • 0 Ill 
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I -0 
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-

I ~ 

-I 01 
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-

- - ---~ -·· 
Tlt!IT PIT NUMBEI'I 

SAMPLE NUMBIEII 

DEPTH Oil' SAMPLE Tl I' 

EL.IYATIOH Oil' SAMPLE Til' 

UNCONI"IHIEO C::0MPIIIEIIIIIVE 
STIIII:HGTM (Pill") 

F AlLURE S'ntAIN (PII:IICEHT) 

NATUAAL WATII:II CoNTENT 
(PI: II CENT 011' 011'1' WI: I GMT) 

IN-PI.ACE DillY Dli:HIIIT'I' 

( POUNOII Pill CUBIC I"OOT) 

SOLI Oil ( PII:IIICIENT) 

LtQUIOII (PIEIIICIENT) 

Allll (PII:IIICIENT) 

COLLOIDS (PEIIICIENT) 

CI.AY ( PEIIICI:NT) 

SILT (I'IEIIICIENT) 

I"INE SAND ( .. IEIICII:NT) 

MEDIUM SAND ( PIEIIICIENT) 

COAIIIIIIt SAND ( "'IEIIICII:NT) 

GMVItL ( PIEIIICENT) 

LtCIUIO LIMIT 
( PII:IICII:NT) 

I"I.ASTI C 'riM IT 
( PI: IICII:NT 

I"I.AIITICI T'l' INDEX 
{ PII:IIICI:NT) 

""""AIIENT SPEC:II'IC: GMVIT'f' 

,.~ 
~ E 
~ E f -c 
.. ! 

n 

, 
> ,. 
::! 
n 
!:; 
Ill .. .. 
5? .. .. ,. 
i c .. 
i 
,. 

t:-c 
I i: 
- ll 

=~ 
~ 

... ,. 
Ill 
c: ,.. ,. 
... -0 
z 
0 

"' ... 
Ill 
Ill ... 
0 ,. 
... ,. 

! ... 
Ill 
n ... 
~ . 
CID ... -CID 
Ill 

i 

z ,., 
< ,., 
::0 

-t -Ill ,., 
0 

"' :t -z 
D 
0 -,.. 
""' 0 

Ill 
:t 
Ill 

"' ... 
.... 
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N£YER, TISEO & HINOO, LTC. 

•. Preject • ...,. ..... A_1_1 .. en_P .. a r_k....;.C 1..;a;.y ... M ... i-ne_L_an_a_f_11_1_ . . ~ . 
- December 19, 1984 · · 

loe&tton Allen Park, Michigan u .... , ___ .;..... __ ...;._~--

• 

J I 

• 

... 
• 

c-ents 
(Ref. 1). 
Ref 1: 

t:.IID. ztl'f,fOP· OJ' JlO.L:i: 595.6 
1liMi 'fO mT POin 35.0 ~LaY. OJ' Uft. ~lft SsO:O."'g---

»•• R0%.1 m. ___ .;.;:;....;... ___ _ 
r.DiE ta au. 
QifW 

(tip ot 1'u.e) 

!!!! !!!! 

• 

15.5 

15.5 

186.0 
478 

11 i9'1CU.: Jr_ Cdi1 1° - BLF -··-........-
Increase shear strength by 7i to 960 psf based on Bjer~'s connection factor 

on Perfol"'MnCI of Earth and Earth Suppol"ted Struct s .. ASEE: vol. !L (j)} "" ·-~' 





NEYEil, TISEO & HINOC, I.TO •. 

·. 
. . . .. ""jtct A 11 en Park C1ay Mine Landfill 

Location AJlcp par5. Michisan . . • ~ .QAT! ,,_.....,..;;.De:;.;c;,:em:;;;be:;:;.:..r ..;;2.;:.0 :..• • .;.19;;,;:8;,;.4_. -· --

. ... . 

I!IJ 

• 

. • 

• 
• • 

UlUJ:ato ~u Sts'oqt!a (S) • 30.87 X ""Ud !.:l'q\le (!) (Dta • .~~~.. 111.) ,._ ....... ) ,_ '' -·-- . 
1. I 

• 

12.5 

12.5 

150 
385 

lttth1"' • .. 

.. ,., .... _ •.. BLF 
... 

LK ---·---• 
. Increase shear strength by 3S to 890 psf based on Bjer~'s correction factor. 
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• 

... 
• 

NEYER, TISEO 6 HINOO, !.TO •. 

·. 

l:f.llt'.a·or !I)W 595.6. 
DDd 1'0 mt PODt 70.0 

~-----l:f.llt'. o. ~. ~tr. ~sz-.s ..... 6 __ _ 
(tip oz 'fae) 

!AI! J.AlA 

• 

lna1Yit:T • 

11 '"ICIJ.:% --- LK EJ*+!i 10 BLF __ ..:;:a_.~,. __ ,.._ •. _____ 
Increase shear strength by JS to 600 psf, based on Bjerrum's correctional factc (Ref.l) 





NEYER, TISEO & HINOO, LTD •. 

P1"1.1Kt:...., __ A_11_. e_ri_i5i_a_rk_c1_a.;;.y_M ... 1_ne_L_a'n_d_f 1_1 ... 1 • . • . . 
l.oeatton A 11 en Park , M1 chi gan · nAT! ....... """"'Q110es;~a~!!!DiWII!lbfii.I.~"..B.I26w·-ll..i9~§4:...;._ ..... __ 

I I 

• 

... 
• 

~~~~. 
IOIJIO HOts JO. 
Lml& au. 
QiiGi 

. • 

,'!'!5,!! V.ul'l SR!.\.1 !1ft UIIO..:.'I! 
vs~ 1 zr.af.ftllt· 01 ~ 591.9 

~-~~-TB· 2 Dllft 1'0 US! J.IOift -~2~5 ·:.;;o __ 
ILlY •. o.. ~. ~Jft 566. 9 

(tip ot Tau) 
!!IJ J!.!! 

• 

9 

278 
• __ . .::3.:.:· 7;.,;:8:.....,_ 

tiCiit~ D.R.V . CIQ 'in BLF --- -
t'.allln ts. __ 7:r n:.:c:.:re:O:a7se;::...;s.:.:;he;;,;:a:;.r..:s:.:t::.;re:.:.n:.!g.::.;th~by~7.:.~..;t;;;o_1;.;1.:.20::...;;;ba.;;.s;;.:ed;,;;_o:..n_B:.;:j:,:e_rru..:;,;.;m ... .' s:...:.co:."-".:.ec;..t_1 o_n_f a_c_t_o ,._ (Ref .1). 
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NEYER, TISEO & HlNDO, I.TD •. 

~ m. ...... ...... ~YS:;-~2~----M" H !0%.1 JO. _ ..... ..;.T.;.B·...;;;.2 ---..... r.tr.E 6 .su. 
OiHa:li 

!!!! 

• 

"'911Cl.1: D.R.V. --

Jr.JW.mr·or mu 591.9 
U&Hi m mt -;JO;lil,;'l!--'7r5oi. no-­

Sli .Y ~LaY •. ~ ~. ~1:1'! ----­(t.Q ot Yau) 

!!!! 

• 

11.5 

138 

355 

0 ,.,,,,. BLF _ ....... __ 
. Increase shear strength by 3S to 650 psf based on Bjer~m's correction factor. Ref. 1 





NEYER. TISEO & HINOO. LTD. 

CONSOI..I CATION TEST 

I.AIII SAMII'U: * fOIICIItc:T No. 84185 0\ol 
FoN Allen Park Clay Mint Landfill 

SHeET 1 01" -...:....--
!JA Til J/JZIS 5 

PIICII!c:T I..OCATICIIII A 11 en Park. M1ch1qan 
I!IORINCII • TB-2 Fllti.O SAMII'U: I PS-1 SAMII'U: Euv. (Til') 541 .4 

TEIITEO 1'1'-...iSL.o·.I.V ... • ---
04EOCII:O 11'1' ....lii.IBL~o,~f;.,... __ _ 

Sample Dia. 2.50 fnches 

I ': : t Po-1.. taf ( c:alc:ulated) 
<Boo' I r I ........ ~i Pc-2.5 tllf (dlldved fE'CIII . I 

0.50 
I .... ~ I \ . . - lab cia~) I I I 
I I I 

l,:;lll 1-- 0: .. 0.039 I I I 
I I! ~ -~ ,\ I I 
I I 

....-r~ ........ r-. \ ··, I 

0.45 

Panlltl to I ~~\ 
., . 

Awraga s~-< 
..... 

I ~I\ ' -h Cc. 0.209 
~~ I 

I 
I I "' \~ I 

0.40 

41 

• 
Q -1-

~ 
Q -Q 0.35 > 

l l\ I : I \ 'I I P1eld O::up:euicn 
.:.... \ I I ~ \ cun. (Ccrlatruc:ted. I I : \ '-\, I ~ PWloff ' Baran, 19 

I I I I I 1_ I I ~ to... I Llt!Oratory I 1--... -- O::iip: essiCI'I -'...J I""' .....J._ ~ \00111 
.... 

' CuJ:w 
~ ~ l .I 

,_ io;l( \ I . I 
I r--. I I " \ I ., 

1: I .... J I \ I I 
I II : ............ J 

\ \ I I 
I I I T' ......... .... \\ I I I 
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